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ECOLOGY OF A BREEDING POPULATION OF 
ARCTIC TERNS 


By Oscar HawkKSLEy 
INTRODUCTION 


Biologists today are much concerned with the ecological factors 
which control natural populations. Avian populations, particularly of 
colonial species, lend themselves well to investigations of the survival 
and mortality rates of offspring up to the age of attaining flight. Factors 
which control the success of the social unit or colony as a whole during 
the reproductive period may also be readily studied. The present study 
was made during the breeding seasons of 1947 and 1948 as a part of a 
study of the behavior and ecology of the Arctic Terns (Sterna 
paradisaea) of Machias Seal Island, Bay of Fundy, New Brunswick, 
Canada. Although a greater portion of time had to be allotted to 
behavior studies, sufficient data have been acquired to allow an analysis 
of egg and chick mortality of the Arctic Tern and to provide material 
for discussions of the factors affecting group success in this breeding 
colony. This is fortunate since Dr. Raymond A. Paynter made detailed 
studies of the egg and chick mortality of Herring Gulls (Larus argen- 
tatus smithsonianus) and other species on Kent Island, only fifteen 
miles away, during the summers of 1947 and 1948 (Paynter 1949). 
Thus, by coincidence, some comparison of data obtained in the same 
locality, during the same years and for a related species, is possible. 

Due to the exceptionally wide distribution of the Arctic Tern, in- 
formation on the species is scattered throughout the ornithological 
literature of many countries and of many years. In this paper, an 
attempt has been made to bring together much of the more important 
information dealing with the ecology of the species. 

I wish to express my appreciation to Dr. Ralph S. Palmer for many 
helpful suggestions based on his experience with terns. Drs. Robert T. 
Clausen, Richard H. Backus and Charles L. Remington have assisted 
with identification of plant, fish and invertebrate specimens. My wife 
assisted constantly with field work which could hardly have been 
completed without her. 


SPRING ARRIVAL 
For many years, the lightkeeper and his wife, Mr. and Mrs. Ottawa 
Benson, kept records of the arrival dates of the Arctic Terns at Machias 
Seal Island. Arrival dates and comments from their log for five con- 
secutive seasons are presented below. 
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In 1945, the terns arrived on May 17 and started laying on May 29. 
In 1946, they also arrived on May 17. In 1947, the terns arrived on 
May 12 but did not alight on the island until May 20. Terns were first 
seen on May 12 again in 1948 but did not alight until May 17. In 1949, 
the birds were heard on May 11 and first seen on May 12. They landed 
briefly on May 14, but the presence of a Duck Hawk (Falco peregrinus) 
anatum) kept them off for a couple of days. After the hawk was killed 
by the keeper, the terns returned and eggs were found by May 29. 

Although the terns arrived on May 12, 1948, there were only a few 
eggs laid when I arrived on June 3. We received the impression that 
the number of birds on the island increased for several days after that, 
but saw no arriving flocks. According to the Bensons, the terns arrive 
at Machias Seal Island in large, high-flying flocks. The first time they 
appear, they circle high above the island, then leave. After that they 
fly over the island each morning in social flight but do not alight until 
they have done this for several days. Palmer (1941: 40) has described 
this last type of behavior similarly for the Common Tern (Sterna h. 
hirundo). 

THE ENVIRONMENT 
Foop anp Foop-GettTine 


The rich waters surrounding Machias Seal Island provide an abundant 
food supply for that ternery. Arctic Terns, like other species of terns, 
probably colonize areas close to good food supplies. This does not 
necessarily mean that the ternery must be located close to the sea. 
Colonies are known to exist even in the interior of the Scandinavian 
countries (Kullenberg 1946: 12) where the birds fish in lakes and rivers. 
In Baffin Land, Dalgety (1936) noted that Arctic Terns “appeared to 
prefer fishing in fresh water.” 

In contrasting terns with gulls, Tinbergen (1932: 11-12) remarks 
(trans.): 

In many ways the gulls appear remarkably adaptable, much more 
so than the terns. The gulls look for food in many ways, changing 
with the circumstances. The terns, on the other hand, show a 
strange psychic unadaptability. Their behavior, especially on their 
search for food, is very stiff. We could call them, briefly, over- 
specialized plungers. 

Although this concept is fundamentally correct, one must not think of 
the Arctic Tern as a wholly unadaptable species. It is principally a 
deep-water feeder, yet it quickly adapts to the use of shallow-water food 
organisms or of insects at times when these are especially abundant. 

In a colony five miles from the sea, Wright (1909) observed that the 
young were being fed not with fish, but with large crane-flies and may- 
flies. These terns were caught for banding on hook and line baited 
with crane-flies and “greendrake.” Palmer (1941: 17) did not see 
pellets from Common or Roseate Terns (Sterna dougalli), but I fre- 
quently noticed pellets, containing insect parts, on the rocks in the roost- 
ing areas on Machias Seal Island. 

The food habits of the Arctic Tern have been little studied. A com- 
pilation of specific food organisms which the species is known to utilize 
the world over would be of little value in this study and might even 
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give an incorrect impression. Specific names will be used only in 
referring to food used in the study area. 

A survey of the literature indicates that the three most important 
food groups include fish, crustaceans and insects. Fish from the 
families Gasterosteidae, Ammodytidae, Stromateidae, Scorpaenidae, 
Cyclopteridae, Blenniidae, and Gadidae are much used. Crustacean 
groups much used include branchiopods, copepods, mysids, amphipods, 
euphausids, and decapods. Insect orders represented are Ephemerop- 
tera. Odonata, Lepidoptera, Coleoptera, Hymenoptera and Diptera. A 
few pelagic molluscs such as Clio, Limacina and Loligo are eaten, as 
well as marine worms. 

Availability is obviously a very important factor in what food is used. 
In Labrador, O. L. Austin, Jr. (1932: 128) did not see Arctic Terns eat 
anything but the lance Ammodytes americana, but these shallow water 
fish were not used at all at Machias Seal Island. Captain Fielden (1877) 
made the interesting observation in polar regions, where continual ice 
prevents fish from coming to the surface, that the amphipod Anonyx 
nugax works its way up through tidal ice cracks and is eaten in numbers 
by the Arctic Tern. 

The fishes most used for food by the terns at Machias Seal Island 
were hake (Urophysis sp., probably U. chuss), the lumpfish (Cyclopterus 
lumpus) and the dollar fish (Poronotus triacanthus). However, the 
supply of skeleton shrimps (Meganyctiphanes norvegica) and of lump- 
fish appeared to be most constant. These were used extensively during 
intervals when hake and dollar fish seemed to be less plentiful and were 
used to some extent throughout the entire season. 

There were noticeable seasonal “runs” of most of the food organisms. 
Notable among these were the “runs” of cicadas (Okanagana canaden- 
sis) an annelid (Nereis pelagica), small squids (Loligo pealei) and 
dollar fish. The cicadas were used during the second week of July in 
both 1947 and 1948. In 1947, Nereis was used from July 8 to July 11, 
squids came into use from July 10 to July 17, and dollar fish were used 
in large numbers from July 24 until we left the island in early August. 

Other fish, in the order of the frequency with which they were 
brought to the colony, were four-bearded rockling (Enchelyopus 
cimbrius), Clupea sp., haddock (Melanogrammus aegelifinus), rock eel 
(Pholis gunnellus), three-spined stickleback (Gasterosteus aculeatus), 
rosefish (Sebastos marinus), and barrelfish (Palinurichthys perei- 
formis). The nine-spined stickleback (Pungitius pungitius) was com- 
monly used at colonies near Churchill, Manitoba, during studies made 
there in 1949, 

Unidentifiable moths and a dragonfly (Tetragoneuria spinigera) were 
found in nests with young. 


EFFECTs OF WEATHER AND LIGHT 


The importance of weather to Arctic Terns is indicated in many parts 
of this paper. Weather conditions have a direct effect upon the ability 
of adults to seek food. Later it will be shown to what extent weather 
affects the survival of the young. Roosting or brooding adults may 
become so wet in rain or dense fog that they are unable to fly out of tall 





Bird-Banding 


Hawkscey, Breeding Population of Arctic Terns April 


FAVORABLE 


artly clear 


vercast but visibility good 


clear 
clear 


Weight in Grams 


fog clearing but wind strong 


UNFAVORABLE 


rain, 
strong E, wind 
clear but sea rough 


10 15 20 25 


Growth of chicks as related to weather. 


vegetation and may be easily caught. Weather and light influence the 
amount of social flying to some degree. 

Weather, especially that which affects visibility, and the need for 
brooding young, has a very decided effect upon the ability of Arctic 
Terns to provide food for their young. Weights of chicks from July 2 
to August 1, 1948, showed a definite correlation between certain weather 
conditions and the average weight of the group of chicks. Figure 1 is 
a graph showing the average daily gains and losses in weight and the 
visibility factors which seemed to control them. It is interesting to 
note that a single day of fog or unfavorable weather may not result in 
weight losses, but that several days of unfavorable weather cause a 
definite weight loss. It becomes understandable that a continuation of 
adverse weather of this sort might greatly decrease the survival of 
young. Kullenberg (1946) is probably correct in thinking that the 
absence of the Arctic Tern as a breeding bird on the eastern Asiatic 
coast south of the Tchuktch Peninsula and at the Sea of Okhotsk is to 
some extent due to the great frequency of fog there. 

The Arctic Tern is generally credited with seeing more daylight 
during a year than any other species, but detailed investigations of its 
daily rhythm as correlated with light in the Arctic regions, and histo- 
logical studies to search for special adaptations in the retina of the eye. 
have still to be attempted. Palmgren (1935) found that birds in Lapland 
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were most inactive between 6 and 11 p.m. This period of rest followed 
the hottest and dryest part of the day. Several authors have mentioned 
feeding throughout the night by Arctic Terns in high latitudes and at 
Machias Seal Island the terns fly around to some extent even during the 
hours of darkness when they cannot see to feed. A. J. Marshall (1938) 
mentions periods of quiescence for some species, including the Arctic 
Tern, even during the perpetual light of the Arctic, but also mentions 
that these are affected by weather conditions. 

The observer who spends an extended period of time in a ternery 
cannot help but be aware of the spectacular type of social flight which 
is often performed by terns during the sunrise or sunset hours. 

This type of flight is closely allied to the morning and evening flights 
performed over the ternery before it is occupied. It may be considered 
as a temporary reversion to flocking behavior which probably serves 
partly to maintain the social organization of the colony so necessary for 
communal defense. It is not entirely clear, however, what serves as the 
releaser for these mass flights. In 1947, I received the impression that 
social flights reached a peak of intensity at times of special stress and 
excitement. Some of the most intense social flying occurred just on 
the “eve” of the hatching of most of the young in the colony, and again 
at the time when many of the young had begun to fly. However, weather 
and light intensity seem also to be involved and in order to check this 
possibility, I kept daily records of evening social flights and weather 
in 1948 from June 21 to August 2. From June 21 until July 13 the 
amount of evening social flying recorded each evening checked closely 
with the weather for that evening. Social flights were large on clear 
evenings, less intense on partly overcast evenings and did not occur or 
were hardly noticeable on evenings when there was rain or fog. The 
only exception occurred on the evening of July 2 when no social flights 
were seen although the sky was clear. However, at that time, the adults 
were especially busy feeding newly hatched chicks right up until dark- 
ness descended and this drive may have been stronger than that of 
flocking. 

From July 14 until August 2 there was a frequent lack of evening 
social flying even in good weather, but it should be kept in mind that 
the young required increasingly greater amounts of food during this 
period and that frequent periods of bad weather made fishing more 
difficult for the adults. 

Light appears to also have a definite connection with morning social 
flights, and with the incubation drive. The following incident accom- 
panied a change in the amount of light at 10:15 a.m., July 1, 1948, on 
Machias Seal Island. The sky grew dark and fog came in on a sudden 
breeze. Within a few moments the light reading on a Weston meter 
dropped from 400 to 25. All eggs and chicks in the area were immedi- 
ately covered by adults. Five minutes later the fog had passed and the 
sky became bright again. With this, a series of outflights occurred 
much as they would have during social flight at sunrise. 

Evening social flights occur at various times and show little close 
correlation to the time of sunset. If the sky suddenly darkens in late 
afternoon, then brightens again, the flights may occur early. On clear 
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days with normal sunsets, flights occur about the time that the sun 
appears brightest on the horizon. Morning social flights always occur 
close to the time of sunrise and are less often prevented by dull skies 
than are evening social flights. This I believe to be due to the extreme 
change from darkness to daylight which occurs in spite of weather. It 
is quite possible that not only a sudden increase of light, but suddenly 
increased light preceded by relative darkness, stimulates social flying. 

These obesrvations agree rather well with Armstrong’s statements 
(1954) that the general activity levels of birds may be affected by 
changes in light-intensity and elevation of the sun and that bird activity 
“seems to be more closely geared to the light-intensities in the morning 
than in the evening.” Brackbill (1952) has made observations which 
suggest a correlation between departure times of water fowl and light 
intensities. 

GROUND AND VEGETATION 


The Arctic Tern prefers nesting sites with less vegetation than do 
other northern nesting tern species. Gravel bars, sandy beaches and 
outer islands with little or low vegetation are typical breeding places. 
The use of outer sea islands by the Arctic Tern contrasts sharply with 
the more frequent use by the Common Tern of islands in mouths of rivers 
and in bays. 

Suomalainen (1939) believes that the intense reflection of light from 
the sea on gravel beaches where it nests is important to the Arctic Tern. 
However, O. L. Austin, Jr. (1929) pointed out what is perhaps the most 
important factor in the relationship between terns and the vegetation 
in their nesting colonies, that is, the wing and tarsus lengths of the 
species in question. He found that Roseate Terns, which have relatively 
short wings and long tarsi, are well adapted to comparatively dense 
growths of grass and shrubbery. Common Terns have medium length 
wings and tarsi and are fairly well adapted to either open spaces or 
rather densely covered areas. The Arctic Tern, with its long wings and 
short tarsi, is least well adapted to high vegetation, but prefers to nest 
in open places where it can fly to its nest or at least to the immediate 
vicinity of its nest. An Arctic Tern colony at Hopkins Island, Massa- 
chusetts, ceased to flourish when the island became overgrown with 
bushes (Austin, Sr. 1940). 

In view of these relationships, it is interesting to note that Arctic 
Terns rather than Common Terns occupy the most densely vegetated 
part of the nesting area on Machias Seal Island. This situation occurs 
because the jumbled rocky area most used by Common Terns on the 
island is irregular enough to be undesirable for use by Arctic Terns, 
which accordingly have preempted the open turf locations more de- 
sirable for them. However, as the season advances, these open turf 
areas produce some of the tallest vegetation on the island. 

If Arctic Terns are surprised while on the ground in high vegetation, 
they often may be caught by hand. Nest sites are chosen so early in 
the season that there is no indication of high vegetation at the time the 
site is selected. Individuals which become thus hampered by vegeta- 
tion hold their wings above them in readiness for flight more than do 
birds nesting on open ground. 
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Fig. 2. Distribution of cover plants on Machias Seal Island, New Brunswick, 
during summers of 1947 and 1948. 
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Machias Seal Island is granitic with a thin layer of peaty topsoil on 
the central portion where most of the vegetation grows. An attempt 
was made to collect all the species of vascular plants occurring on the 
island. No woody plants occur on the 15-acre island. In two years, 
41 species of plants from 18 families were collected and preserved. 
Fourteen species were European introductions. These European forms 
probably came to the island in hay brought there for domestic animals. 
Only one of these, Rumex acetosella, furnishes extensive ground cover 
in tern nesting areas. The yarrow (Achillea lanulosa) is the most im- 
portant plant on the island from the standpoint of controlling habitat. 
Rumex acetosella is next in importance and Iris versicolor controls a 
reasonably large area. Figure 2 indicates the distribution of the im- 
portant cover plants and groups of plants on the island. Terns nested 
on nearly all the vegetation-covered areas except those closest to build- 
ings, and nest areas extended out a short distance onto rocky areas 
with sparse vegetation. 

Near-by Gull Rock has only two vascular plants. They are Agrostis 
stolonifera (dwarfed) and Plantago maritima. Both grow in cracks 
in the rocks. 

The islets occupied by breeding Arctic Terns at Churchill, Manitoba, 
were usually located in lakes or ponds. The most common plant com- 
munity on these islets was a Cladonium-Ericaceae community in which 
Ledum decumbens was very abundant (Shelford and Twomey, 1941). 
One such island which has supported an Arctic Tern population of about 


20-30 pairs for many years measured only 16 by 50 yards and lay but 24 
yards from the nearest point on the shore of the lake. 


WATER 


The Arctic Tern is probably less dependent upon water for food 
than is the Common Tern. Even though the Sugarloaf Islands (Maine) 
“were teeming with grasshoppers” in July, 1938, Palmer (1941: 24) did 
not see the Common Terns there catch any. He believes that Common 
Terns usually take insects only from the surface of the water and not 
from the air or on land. The Arctic Tern seems to be more adaptable. 
There are numerous accounts of Arctic Terns hawking insects. One 
such account is given by Roberts (1934: 256) who observed Arctic 
Terns in Iceland taking numbers of moths in this manner. The moths 
were captured at heights of about 10 to 20 feet in the air. One stomach 
contained 56 moths and as many as 60 per cent of the terns present 
were feeding on moths. Roberts also reports a spider (Lycosa tarsalis) 
from one stomach and small amounts of grass (Agrostis palustris) from 
two stomachs. He believed that the birds had picked up the grass while 
hunting for insects on the ground. 

On numerous occasions I saw both adults and pre-flying juvenals 
drink from fresh-water pools on Machias Seal Island. These same 
pools were used for bathing by a few juvenals but the adults regularly 
resorted to salt water to bathe. Adult Arctic Terns at Churchill, Mani- 
toba, bathe in fresh-water ponds near the terneries. Both fresh and salt 
water appear to be suitable for this purpose. 
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During migration at sea, or during pelagic wanderings, the birds must 
either drink sea water or obtain sufficient water from their food. 
Studies on this subject have not been made. 


Arctic Terns alight on floating objects at sea in preference to alighting 
on the water but are buoyant and swim well when in the water. The 
length of time they can remain on the water without becoming water- 
logged has not been determined. 


ASSOCIATES 


A variety of other species has been reported as nesting in close asso- 
ciation with Arctic Terns. These associates include birds from other 
families as well as numerous species of Laridae. 

In Alaska, the Glaucous-winged Gull (Larus glaucescens), the Short- 
billed Gull (Larus canus brachyrhynchus), the Pacific Kittiwake (Rissa 
tridactyla policaris), Sabine’s Gull (Xema Sabini) and the Aleutian 
Tern (Sterna aleutica), comprise the Laridae most often found nesting 
in company with Arctic Terns. 


An Alaskan colony of 23 pairs of Arctic Terns was unmolested by a 
pair of Short-billed Gulls nesting near them according to R. B. Williams 
(1947). Bailey (1927) reports that Arctic Terns in Alaska con- 
tinually harrassed the Short-billed Gulls. In a colony of 60 to 75 
pairs of Aleutian Terns with a few pairs of Arctic Terns among them, 
Friedmann (1933) thought that the Aleutian Terns seemed more selec- 
tive in preferring to nest by themselves. Howell (1948), on the other 
hand, reports no segregation in a mixed colony of Aleutian Terns and 
Arctic Terns in which Pacific Kittiwakes also nested. 

On the eastern coast of North America, the Common Tern, Roseate 
Tern, and Least Tern (Sterna albifrons), nest with the Arctic Tern as far 
north as their breeding ranges extend. In 1948, two pairs of Laughing 
Gulls (Larus atricilla) nested among the terns on Machias Seal Island 
(O. and J. Hawksley 1949). These gulls were unmercifully harrassed 
by the terns each time they attempted to alight near their nests, but 
once on the ground they were not disturbed. One pair raised two young. 
the other pair deserted. A single pair of Herring Gulls nested on Gull 
Rock, adjacent to Machias Seal Island, in 1948 and 1949, but neither 
Herring Gulls nor Great Black-backed gulls (Larus marinus), were 
tolerated on Machias Seal Island proper except below the tide line on the 
north end of the island. This was the part of the island closest to Gull 
Rock, where the gulls regularly roosted and sunned. In 1948, about 
20 pairs of Arctic Terns attempted to nest on Gull Rock but failed. This 


may have been due to marauding by the gulls but no evidence of such 
destruction was found. 


Ross’s Gull (Rhodostethia rosea), nests with Arctic Terns in Siberia 
(Buturlin 1906). The first nest of this gull discovered in Greenland was 
in the midst of a colony of Arctic Terns (Dalgleish 1886). 

The Marples (1934) studied tern colonies in which not only Common 


Terns and Roseate Terns nested with Arctic Terns but also Sandwich 
Terns (Thalasseus s. sandvicensis), and Least Terns. 
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A most interesting ecological relationship exists between Sandwich 
Terns and the gulls with which they associate. This has been reported 
on by Salomonsen (1947). The terns nest in the center of the colony 
and are surrounded by Black-headed Gulls (Larus ridibundus ridi- 
bundus). Common Gulls (Larus canus canus), are in turn scattered at 
the edge of the Black-headed Gulls, and Herring Gulls (L. a. argentatus), 
are permitted only among the more scattered nests of the Common Gull. 
The terns nest late and force themselves into the center of the Black- 
headed Gull concentration by destroying eggs and driving out gulls. 
Nevertheless, the Black-headed Gulls are aggressive and may give some 
protection to other species in the colony. 

This brings forth the question of commensalism in nesting colonies 
of Laridae and relationships of Arctic Terns to species outside the 
Laridae. 

Small birds such as sandpipers are usually ignored by terns. Spotted 
Sandpipers (Actitis macularia) often wandered among the nests of 
terns on Machias Seal Island. They were chased by the terns only 
at the time when tern eggs were close to hatching and incubating birds 
were exceptionally nervous. 

Important associates of the terns on Machias Seal Island by sheer 
weight of numbers, were approximately 400 pairs of Common Puffins 
(Fratercula au arctica) and 2,000 pairs of Leach’s Petrels (Oceanodroma 
leucorhoa leucorhoa). However, there seems to be no direct relation- 
ship between these species and the terns in that colony. Williamson 
(1948) reported that Arctic Terns in the Faeroe Islands gleaned the 
fish dropped by puffins, but that they did not molest the incoming puffins 
and seemed to be eating most of the food on the spot rather than carrying 
it to their young. I never saw terns scavenging in this manner on 


Machias Seal Island. 


Red Phalaropes (Phalaropus fulicarius) occupied an island (about 
100 x 50 yards in size) in Spitzbergen on which Arctic Terns also 
nested (Padget-Wilkes 1922). Sutton (1932: 192) reported Mandt’s 
Guillemots (Cepphus grylle mandti), Common Eiders (Somateria 
mollisima borealis), and Old-squaws (Clangula hyemalis), nesting with 
Arctic Terns on a small island near Southampton Island. 


The status of species of Anatidae which nest in gull and tern colonies 
has been much discussed. The Tufted Duck (Aythya fuligula) is most 
noted for this habit in northern Europe and the Old-squaw is commonly 
found nesting with Arctic Terns in North America. Fabricius (1938) 
and Haartman (1938) both felt that Tufted Ducks preferred to nest with 
Laridae because of the protection thus afforded them from predation of 
Hooded Crows (Corvus c. cornix) upon their eggs. The most important 
fact pointing to commensalism is the open situation of the nests of these 
ducks in gull and tern colonies as opposed to concealed situations when 
they nest away from gulls and terns. I have observed this same phe- 
nomenon with Old-squaws nesting in the Churchill, Manitoba, region. 
On the basis of observations in Finland, Bergman (1941) believes these 
associations are based on social instinct rather than on protection. 
Durango’s important paper (1949), however, does not bear this out. 
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He mentions that Tufted Ducks and Ruddy Turnstones (Arenaria i. 
interpres) change their breeding grounds to follow changes made by 
Common Terns and Arctic Terns. He feels that the colony of terns is 
a releaser for the Turnstone and thinks that both hereditary and learning 
elements guide the birds to their choice of a nesting site. He further 
points out that in England, where they breed rather late and on ponds 
and lakes with dense vegetation, Tufted Ducks do not nest with Laridae. 
Thus the probability of pure sociability seems doubtful and it is more 
likely that the Tufted Ducks which nest on islets with scant vegetation 
in Sweden and Finland, do so because they are less disturbed by enemies 
there. There is a hint of mutualism in Sutton’s (1932: 192) statement 
that he found at least six Arctic Tern nests on one island “which ap- 
peared to have been made in old nests of the Old-squaw.” 


The occurrence of Arctic Tern eggs in the nests of other birds is 
interesting but probably of little significance in most cases. Sugden 
(1947) found exotic eggs in nests of California Gulls (Larus cali- 
fornicus) and felt that the gulls carried them to the nest to eat, but 
were overcome by brooding impulses instead. The gulls supposedly 
carry the eggs in their bills. Bailey (1925) found a Glaucous Gull’s 
(Larus hyperboreus) nest which contained one egg of its own, one of 
an Arctic Tern and one of an Old-squaw. The gull may have acquired 
these two eggs in the way Sugden suggested. The Arctic Tern egg 
which Bailey (1926) found in a Black-bellied Plover’s (Squatarola 
squatarola) nest was undoubtedly laid there by a tern. It is common 
to find clutches containing eggs of both Common Terns and Arctic 
Terns in mixed colonies. On Machias Seal Island, an Arctic Tern egg 
somehow came to rest in a burrow with an egg of Leach’s Petrel (J. 
Hawksley 1950). 

Mammalian associates which cannot be classed as predators are not 
numerous. In the outer Hebrides, Gray Seals (Halichoerus grypus) 
frequent some of the rocks used by Arctic Terns but probably do not 
enter the nesting area. At Churchill, I found that both the Muskeg 
Meadow Mouse (Microtus pennsylvanicus drummondit) and the Varying 
Lemming (Dicrostonyx groenlandicus richardsoni) lived on the islets 
in tundra ponds where Arctic Terns nested, but saw no evidence to indi- 
cate that either harmed eggs or young terns. 


PREDATORS 


Relatively few animals are able to catch and kill adult Arctic Terns. 
The great majority of species which may be considered predators of the 
Arctic Tern prey upon the eggs and nestlings or upon juvenal birds 
which are less adept at escaping on the wing. The line of distinction 
hetween parasitic and predatory species is rather fine, especially where 
such birds as jaegers are involved. Jaegers might be classed as social 
parasites, but they are definitely predators at times. 


Except at the southern limit of its range, snakes are not important 
predators of the Arctic Tern. Over-abundant snakes (Thamnophis 
ordinatus) were credited by Floyd (1932) with consuming eggs and 
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young of terns on Penikese Island, but snakes are seldom found on the 
outer islands where Arctic Terns nest farther north. 

Avian predators are probably the most important. These consist 
chiefly of three types: jaegers, hawks, and other Laridae. 

Although Ejifrig (1905) mentions finding bones and feathers in the 
stomachs of Parasitic Jaegers (Stercorarius parasiticus) these were 
probably of small birds for it is doubtful that jaegers could seriously 
injure terns or gulls. The weakness of the Parasitic Jaeger’s bill and 
feet has been pointed out by McCabe and Racey (1944). They show 
that its ability to terrify its victim with psychological warfare which 
“smothers the flight” of the victim is the important feature. The killing 
of an Arctic Tern by Parasitic Jaegers is reported by Roberts (1934), 
but death was the result of the crashing together of four jaegers as they 
converged on a single tern which had a fish. 

Jaegers are more effective against terns when several gang up on one 
tern, but two or three terns may easily drive off a jaeger. It was felt 
by Trevor-Battye (1897) that neither a Parasitic Jaeger nor a Long- 
tailed Jaeger (Stercorarius longicauda) had a chance when opposed by 
a pair of Arctic Terns. 

Jaegers also follow migrating Arctic Terns. Long-tailed Jaegers were 
noted traveling in company with them by Willett (1918) in Alaska. 

Falcons are among the few birds which are actually able to catch 
and kill adult Arctic Terns. Duck Hawks were the most important 
predators on adult terns at Machias Seal Island. These falcons pre- 
sumably came from the island of Grand Manan and made the trip rather 
frequently. In spite of the mass defense which was made by the whole 
colony, the Duck Hawks did succeed in taking terns. I found remains 
of an adult tern, which had undoubtedly been eaten by a falcon, on Gull 
Rock in 1948. Mr. Benson, the lighthouse keeper, usually shot at Duck 
Hawks which came near the island and once shot a tern from the talons 
of one. Duck Hawks were blamed by Norton (1907) for the abandon- 
ment of Libby Island, Maine, by terns, but damage by Duck Hawks at 
Machias Seal Island seems relatively slight and the falcons should not 
be molested. 


At Churchill, I saw a Pigeon Hawk (Falco columbarius columbarius) 
mobbed by Arctic Terns. Rawcliffe (1949) reports the taking of a 
young Arctic Tern by a Kestrel (Falco tinnunculus tinnunculus). Dr. 
Arthur A. Allen informs me that Gyrfalcons (Falco rusticolus) in 
Alaska take Arctic Terns and Sabine’s Gulls. 


The Laridae which prey upon Arctic Terns include most of the large 
species of gulls which breed in the same range. Sabine’s Gull, like the 
jaegers, tends to be more a parasite than a predator. It is so dependent 
upon the Arctic Tern in Greenland that it fails to nest when conditions 
are unsuitable for the terns (Bird and Bird 1940). It is also frequently 
seen migrating in company with Arctic Terns and jaegers. 

Although larger species of gulls such as the Glaucous, Iceland, 
Glaucous-winged, Great Black-backed and Herring Gulls are generally 
conceded to prey upon terns to some extent, little quantitative work has 
been attempted to determine the extent of their depredations. The gen- 
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eral effect of larger gulls upon the dynamics of a tern population will 
be discussed later. 

Owls and crows may sometimes prey upon Arctic Terns but are 
probably not serious predators since there is little to indicate so in the 
literature. Eastern Crows (Corvus b. brachyrhynchos) were mobbed 
and driven off by the terns at Machias Seal Island. Kirkman (1908) 
cites Howard Saunders on an incident in which Arctic Terns mobbed 
and drowned a Hooded Crow. 

Unusual and serious avian predators on Machias Seal Island were a 
few semi-domesticated Mallards (Anas platyrhynchos). Mr. Benson first 
discovered that the ducks were eating eggs and newly hatched young of 
Arctic Terns. A few days later, while in a blind, I saw two ducks in 
action. They were gobbling nearly-hatched eggs as quickly as they could 
find them in spite of vicious attacks by the terns. They must have eaten 
at least a dozen before I could get out of the blind to chase them. After 
that, the ducks were fed more liberally in an attempt to prevent further 
damage to the terns. 

Although the slaughter of terns for the feather trade no longer con- 
tinues, man is still a serious predator upon terns. Fortunately, the 
birds are small enough not to be very attractive as food under most 
conditions. However, tern eggs are usually very well liked by humans 
living within the range of the Arctic Tern. Where people impose some 
regulation of egging upon themselves, as they often do in the Bay of 
Fundy, the actual harm done may be small or no harm at all may result. 
Under primitive conditions, people such as Eskimos and Indians are less 
inclined to regulate their egging. They do not object to eating eggs in 
advanced stages of incubation and thus take the eggs whenever they can 
find them. Such a situation is cited by Salomonsen (1955) for the 
Grénne Islands in Greenland where at least 100,000 Arctic Tern eggs 
were collected each season, causing a decrease in the species. QO. L. 
Austin, Jr. (1932) cites a case in which one Eskimo girl took 800 eggs 
at one time from a ternery in Labrador. 

In his extensive paper on the subject of egging, Cott (1953-1954) lists 
the Arctic Tern as being among the group of birds second most heavily 
exploited for eggs. He further lists the Arctic Tern as “showing de- 
cline, or egged-out locally,” but feels that the effect of egging on bird 
populations in the Arctic areas of the Old World is not clear. 

The people of the Grand Manan region consider tern eggs to be a 
delicacy and collect them whenever possible. More important to them, 
of course, is the collecting of gull eggs. This was a rather well-regulated 
process in the past. Owners of islands often rented them by the day 
to parties of eggers. The natives claim that Herring Gulls lay up to nine 
eggs if eggs are taken as soon as they are laid. They claim to have 
always left the last few for the birds. 

Egging has been conducted on Machias Seal Island for years in spite 
of the fact that it is a sanctuary. This has been done mainly by the 
keepers or their guests. The local “rule” is that eggs may be collected 
until clutches of two are found. This simple rule is enforced by the 
condition of the eggs after that, so that egging only lasts for about a 
week in the first part of June. 
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I doubt that any harm comes from this early egging. If anything, it 
might tend to make the time of hatching come a bit later and thus 
young chicks would be less likely to die in storms which seem to be 
frequent in late June and early July. At least, the Machias Seal Island 
colony has flourished in spite of egging. Cott (1953-1954) lists a 
number of birds which are probably similarly benefited by egging. 
Among them is the Lapwing (Vanellus vanellus) in Holland. 

Tern eggs were used for food during the first World War in Great 
Britain and research has been carried on in Britain recently to determine 
the palatability of the eggs of birds with a view to possible future con- 
sumption. Egg tasters at the Research Station, Cambridge, have given 
eggs of the Arctic Tern a rating of 6.5 which is in the “relatively 
palatable” group. A rating of 10.0 is ideal and 2.0 is inedible. The 
Domestic Fowl has a top rating of 8.6, the Common Tern rates 7.3 
and the Herring Gull 7.9, all three being in the “highly palatable” group 
(Cott 1949). 

Some of the damage done by humans in terneries, such as those along 
the coasts of Maine and Canada, is not true predation, but a form of 
vandalism. Picnickers and sight-seers who visit terneries inadvertently 
step on eggs and chicks. They pick up and misplace chicks which are 
later killed by adults for trespassing on adjoining territories. If they 
bring dogs to a ternery, untold damage may result. 

The dog kept by the family at Machias Seal Island was trained to stay 
away from the tern nesting areas, but former keepers had dogs not so 
well trained. Sheep and cows kept in terneries step on many eggs and 
young. A cow on Machias Seal Island picked up and badly mauled 
juvenal terns. 

There were no wild mammals living on Machias Seal Island except 
bats (Myotis). Farther south, however, Norway Rats (Rattus norvegi- 
cus) are serious predators in tern colonies. O. L. Austin, Sr. (1948a) 
has reported extensively on this predator in the Cape Cod colonies. A 
report by Forbush (1921) stated that a small colony of Arctic Terns 
at Chatham, Massachusetts, was wiped out by high tides and later by 
raids of “cats and skunks, which destroyed both eggs and young and 
drove the parent birds away.” 

In the Arctic, foxes may be serious predators upon terns. In 1949, 
Mrs. T. C. Stanwell-Fletcher and Miss Hazel Ellis found no less than 
five dens of the Arctic Fox (Alopex lagopus) on the Fox Islands near 
Churchill. There were perhaps a thousand pairs of terns nesting there 
and it appeared that eggs, at least, were being taken by the foxes. The 
fox pups were extremely curious and followed the humans about. When 
attacked by the terns, the pups jumped into the air in attempts to strike 
back. 

In Northeast Greenland, Ermines (Mustela erminea) prevented the 
breeding of Arctic Terns on Ternholme Island in 1938 according to Bird 
and Bird (1941). 

The Arctic Tern’s habit of frequently nesting singly on the mainland 
in arctic regions may be effective in reducing predation, especially from 
mammalian predators such as the Arctic Fox. 
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INVERTEBRATE PARASITES 

Relatively few invertebrate parasites are known from the Arctic Tern. 
In searching for Mallophaga on adults and chicks I was not always able 
to find any on the birds. Only a few individuals on Machias Seal Island 
were found with heavy infestations of lice. No macroscopic endopara- 
sites were noticed. 

Slater and Carter (1886) found young Arctic Terns in Iceland dying 
in the downy stage soon after hatching due to either “the cold summer 
or to the presence of huge tapeworms” with which they were infested. 
A heterophyid trematode (Cryptocotyle lingua) is known to infect gulls, 
terns and other piscivores ( Willey and Stunkard 1942). Another trema- 
tode (Aporchis rugosus) is definitely a parasite of the Arctic Tern 
(Linton 1928). 

The most interesting host-parasite relationships are those between 
the terns and their Mallophaga. During the summer of 1947, I collected 
all the Mallophaga I found on Arctic Terns. They were eventually sent 
to England for identification. These lice proved to be of two new spe- 
cies, Quadraceps houri Hopkins, ( Hopkins, 1949) and Saemundssonia 
lockleyi Clay (Clay, 1949a). Fourteen of the Machias Seal Island speci- 
mens became paratypes of the new Quadraceps. 

The Common Tern has the same two genera of lice, but two different 
apecies. They are Quadraceps sellatus and Saemundssonia sternae. 
This is interesting in view of the fact that all three species of terns of 
the genus Chlidonias have the same species of Mallophaga, Saemunds- 
sonia lobaticeps (Clay 1949b). Even more important is the fact that 
Saemundssonia lockleyi is found not only on the Arctic Tern but also 
on the Antarctic Tern (Sterna vittata). Miss Clay (1948) believes that 
this suggests a close relationship between the two hosts and supports 
Kullenberg’s supposition (1946: 78) that the Antarctic Tern is a rela- 
tively recent derivation from populations of the Arctic Tern which re- 
mained in the antarctic and sub-antarctic waters during the northern 
summer. 

Gross (1937) reports a species of Philopterus taken from an Arctic 
Tern. There are a few other references in ornithological literature to 
Mallophaga from Arctic Terns, but the identifications would bear check- 
ing now that two new species have been described for that host. 

One mite was taken from an Arctic Tern at Machias Seal Island 
and proved to be Euhaemogamasus oudemansi. 


EGG AND CHICK MORTALITY 

A knowledge of mortality prior to fledging is essential to an under- 
standing of the reproductive capacity and management of a species or 
of population problems in general. Machias Seal Island is especially 
well suited for a study of natural mortality because it is relatively free 
from disturbing outside influences. The environment has been only 
slightly altered by the presence of man and no unnatural predators have 
been introduced except a few domestic animals which are fairly well 
controlled. 

The term “fledging” has been variously used and might lead to con- 
fusion if not defined. In this paper, the term is used to refer to the 
age of attaining flight. 
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Large-scale banding of young was carried out in the summers of 
1947, 1948, and 1949. A continuation of this banding and additional 
trapping of adults in the summer of 1950 was done by Glen Woolfenden. 

The method of study was essentially the same in both 1947 and 1948. 
Four areas were used, two in each year. Owing to the pressure of other 
work, those used in 1948 contained fewer nests but were carefully chosen 
so as to be representative of typical breeding areas on the island. 

One area in 1947 included 100 nests which were marked with num- 
bered wooden stakes on June 14. The 100 nests represented all the 
nests containing one or more eggs which could be found in that area 
on the day of marking. This assured a random assortment of clutch 
sizes. The area was located at the northern end of the island and in- 
cluded part of a beach of smooth pebbles. The remainder, and greater 
part of the area, was on peaty ground made irregular by tussocks of 
vegetation and by burrows of Leach’s Petrel. The predominant vege- 
tation was a yarrow (Achillea lanulosa). 

The second area used in 1947 contained 50 nests marked on June 
23. This area was located on higher ground, nearer to the center of 
the island. It was covered by short grasses and Rumex acetosella ex- 
cept on its outer (seaward) edge where there was some yarrow. It 
included a few somewhat later nests than the first area because again 
all nests with eggs in the area were used. 

In 1948, one area with 50 nests and one with 25 nests were marked. 
The 50-nest area, which was marked on June 7, was located on the 
west side of the island between the dwellings and the sea. The inner 
section of the area had some grasses, but most of the area was rocky 
with only small amounts of yarrow and Sedum roseum growing where 
there were patches of soil. The 25-nest area was located nearer the 
southern end of the island, west of the “whistle house.” The presence 
of a blind in this area made more’ detailed observations of the occu- 
pants of the area possible. Another difference in this study area was 
the fact that nests were marked as they were established. The laying 
process and marking began on June 4 and was not completed until 
June 13. All nests were in adjacent territories. 

The nests in each area were checked daily. When the young hatched, 
they were banded with color bands until old enough to hold regular 
aluminum bird bands. In addition, notes were taken on the colors of 
the soft parts and on the down of chicks. When chicks became older 
and began to wander, nests were checked in both morning and evening. 
In this way few chicks were lost to the study. It is reasonable to assume 
that those which did disappear died, because the island was thoroughly 
covered during banding operations and had any of these chicks sur- 
vived they would probably have been identified immediately. 


CLUTCH-SIZE 
Lack (1947) gives the usual clutch size for the Arctic Tern as two 
for both England and Norway. The number varies from one to three. 
In a later part of the same paper, Lack (1948) gives the average clutch 
as 214 eggs in mid-Europe. Bickerton (1909) studied the clutch size 
of the Arctic Tern in the British Isles and reported 355 eggs in 209 
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nests. This gives an average of 1.7 eggs per nest. The difference be- 
tween these figures and those of Lack may well be connected with the 
fact that Lack’s are “based on general statements” and that some of 
his authorities were odlogists. I have noted a tendency among odlog- 
ists to assume that the normal clutch for this species is two and to avoid 
collecting the one egg clutches which they suspect of being incomplete. 

Data on clutch size tend to be more accurate if taken from studies 
such as Pettingill’s (1939), and my own study on egg and chick mor- 
tality, for then the history of the clutch is known. Pettingill’s 100 nests 
on Machias Seal Island contained 144 eggs, or an average of approxi- 
mately 1.4 per nest. In 225 nests studied on the same island, I found 
308 eggs, or an average again of approximately 1.4. 

Eklund (1944) checked 279 nests in Greenland which averaged 1.7 
eggs per nest and R. B. Williams (1947) reports an Alaskan colony of 
45 nests in which all of the clutches were of 2 eggs. It would appear 
that the average clutch, at least in North America, is smaller than indi- 
cated by Lack. Clutches of four, five, or more eggs have been reported 
by many authors. Call (1891) discussed some sets of four to six but 
noted that most showed clearly that they had been laid by two birds. 

The 50-nest plot of 1947, which included later nests, showed no sta- 
tistically significant difference in clutch size when compared to the 
earlier 100-nest plot. The average clutch size for the 50-nest plot was 
1.16 + .05 and that for the 100-nest plot was 1.20 + .04. The 50-nest 
plot of 1948 had an average clutch size of 1.76 + .07 compared to 
1.68 + .11 for the 25-nest plot. This again is an insignificant differ- 
ence, showing that the average clutch size was approximately the same 
regardless of the fact that one group was picked at random after one 
or more eggs were laid and the other group was picked as the first egg 
was laid in each nest. 

In a study of Herring Gull and Lesser Black-backed Gull (Larus 
fuscus graellsi) colonies, Darling (1938: 62) found that the average 
clutches in 1936 were 2.1 for Herring Gulls and 2.2 for the Lesser Black- 
backed Gulls. In the same colonies the following year, the number of 
birds present doubled and the average clutch size was 2.9 for both 
species. Darling concluded that these figures pointed to “an improve- 
ment in the environmental complex in 1937.” 

The difference on Machias Seal Island, between an average clutch 
size of 1.19 in 1947 and of 1.73 in 1948 may have a similar significance 
but clearcut reasons are not evident. There were three known changes 
in the Machias Seal Island colony in 1948 from the conditions in 1947. 
In 1948 the weather was generally less severe, the height of the vege- 
tation was lower and the breeding population had increased to some 
extent. However, the collective effect of these changes, early in the 
season when eggs were laid, could not have been great. Darling worked 
with relatively small populations in which changes in numbers would 
be very noticeable, whereas the population increase at Machias Seal 
Island was relatively slight compared to the total population. 

The theory, that some birds in the southern part of their range lay fewer 
eggs than those in the north and that the increased length of day in the 
north allows the parents to collect more food to feed more young, has 
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been revived by Lack (1947). Lack did not present any data indicating 
that this was true for the Laridae. Paynter (1949) states that “it is 
probable that it does not exist in this group since . . . the survival rate 
of the young seems to be independent of the number of chicks in the 
nest and greater food-gathering time would not increase the chances 
for survival.” 

Although Paynter’s data for the Kent Island Herring Gulls support 
his statement. my own data from the main study (see Tables V and 
VI) and from a supplementary study of Machias Seal Island Arctic 
Terns, do not agree with this general statement for the Laridae. Un- 
fortunately the number of nests with which I was able to work in the 
supplementary study was small, but I believe that the data show a 
definite trend which might be even more clear with more data, and 
therefore include this study. 

In 1948, while taking routine weights of chicks, I was able to check 
to see what difference there was between the development of single 
chicks and chicks which competed for food with another chick in the 
same nest. Accordingly, the routine weighing of chicks was expanded 
into a supplementary study to provide comparative survival data. 
Weight gains and losses of chicks were correlated with weather condi- 
tions as already shown in figure 1. 

Twelve nests were selected for this study but only eight of them pro- 
duced chicks. Five of the nests produced two chicks each and three 
produced single chicks. Figure 3 shows the results. Weights of single 
chicks, weights of fraternal chicks, and the average weight for all chicks 
are plotted for comparison from hatching to an age of 22 days. 

The fraternal chicks’ weights represent only those still competing 
at the same nest on any given day. From the fourteenth day on, only 
one nest still had two chicks alive. The younger chick in that nest died 
at an age of 22 days, at which time it weighed only 46.2 grams. The 
other chick in the nest was then down to 63.6 grams but eventually 
recovered and lived. 

The average weight curve for fraternal chicks which survived would 
come close to the average for all chicks, and is therefore not shown in 
the graph, to prevent confusion. 

Since the number of nests studied is small, these results are not con- 
clusive but they indicate that the survival rate of the young may very 
well be affected by the number of chicks in the nest, at least in some of 
the Laridae. No studies of the survival of young Arctic Terns appear 
to have been made in any latitude higher than that of Machias Seal 
Island, but there is some indication that the clutch size may average 
larger. Table I summarizes the accurate average clutch sizes obtainable 
for points enough farther north than Machias Seal Island to have con- 
siderably more summer sunlight. However, these colonies are repre- 
sented only by data from single years or even single days. Also, as is 
pointed out in Paynter’s (1954: 139) paper on Tree Swallows (Jrido- 
procne bicolor), the really significant difference in length of day is 
based more on the time of nesting than on latitude. Birds nesting fur- 
ther north do so nearer to the summer solstice than those farther south. 





. : ; . Bird-Bandi 
Hawks Ley, Breeding Population of Arctic Terns ‘ April es 


TABLE 1. Average clutches for Arctic Tern at latitudes higher 
than Machias Seal Island. 





No. 

Locality Source 
British Isles Bickerton (1909) 
Bear Is., Barents Sea . Duffey and Sergeant (1950) 
Greenland, lat. 62° : Eklund (1944) 
Southampton Is. ; Sutton (1932) 

S. E. Alaska : R. B. Williams (1947) 





DURATION OF INCUBATION 


In a paper on a “biological distinction” between Common and Arctic 
Terns, Van Oordt (1934) stated that the Arctic Tern does not begin 
incubation until the clutch is complete while the Common Tern begins 
when the first egg is laid. I have found no such clear-cut distinction. 
Arctic Terns hatch at intervals of a day or more just as Common Terns 
do. Only occasionally do two chicks in the same nest hatch on the same 
day. 

Table II shows the histories of laying and hatching at nine nests. 
All nests in the 25-nest study area which had two eggs, and in which 
both eggs hatched, are included. Birds in this area were observed daily 
from a blind so that the actions of most of the adults were known. The 
figure for the second egg in each nest represents incubation time for 
that egg. As indicated, the first egg may or may not have been incu- 
bated for the number of days it was in the nest. 


TABLE Il. Intervals between hatching and laying of individual marked eggs 
of the Arctic Tern. 


Interval in Days 
Days in Nest Laying Hatching Remarks on 
Egg 1 Egg 2 1&2 1&2 Incubation 


24 21 
22 
20 

23 21 
22 
22 
23 
22 
26 


Began with 2 
“ os l 


“ 
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* Chick wandered. 
+ Late nester; birds very nervous. 


It may be readily seen, even in this small sample, that not all birds 
delay incubation until the clutch is complete. Those which do, tend to 
cover the nest at irregular intervals until the clutch ‘s complete. This 
accounts for the fact that the first egg usually gets about one day ahead 
of the second in these cases. In the table, egg 2 in nest 16 was incubated 
longer than egg 1 because the wandering of the first chick had kept the 
brooding bird off the nest for much of the last two days. 
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Nest X represented a late nesting. The “nervousness” of the birds 
resulted in rather intermittent incubation. Excluding this nest, the aver- 
age period of incubation for second eggs in the other 8 nests was about 
22 days. Pleske (1928: 224) arrived at this same figure by calcula- 
tions based on the time that Common Tern eggs required in an incu- 
bator (Evans 1891). The period is given by Witherby et al (1941) as 
21-22 days. 

Beside the lengthening of the incubation period due to the irregu- 
larity and “nervousness’ of the birds, some variations may be caused 
by the nesting habitat itself. Some Arctic Terns nest in bare rocky areas. 
The rocks retain the sun’s heat and act as a natural incubator when 
the eggs are not covered. Other individuals nest in shaded areas where 
the sun’s heat is much less. 


HATCHING SUCCESS 


Of the 308 eggs in the four main studies, 111 failed to hatch. This 
gives a hatching success of slightly less than 64 per cent. 

Nests which had complete or partial hatching success are analyzed 
in Table III. Those nests which contained only one egg had a hatching 
success of 59.3 per cent while those containing two eggs had a hatching 
success of 68.9 per cent. Application of the Chi-square test for the 
significance of these frequencies shows that they might occur by chance 
alone and therefore cannot be considered significant. The figures for 
nests with three eggs represent too few data to be significant but are 
included in the table for completeness. 


TABLE Il. Clutch-size related to failure to hatch. 


‘iia Hatched 
No. Eggs Total No. = 
in Nest of Eggs 


Per Cent 
144 59.3 


158 68.9 
50.0 


6 
Totals 308 64.0 


A summary of causes for the failure of eggs to hatch is given in 
Table IV. There is little in the literature on the fertility of Arctic Tern 
eggs. Montague (1926) examined between forty and fifty clutches. “Of 
the clutches which contained two eggs, just under fifty per cent con- 
tained one infertile egg. Of the single clutches, a small proportion were 
infertile.” Pettingill (1939) found 5.5 per cent of 144 eggs “sterile.” 
Since the eggs are not examined until the end of the incubation period 
in mortality studies such as Pettingill’s, it is nearly impossible to dis- 
tinguish infertile eggs from eggs which become addled early in develop- 
ment. Accordingly, I have designated eggs incubated for a long period 
but failing to hatch as “infertile or addled early” unless an identifiable 
embryo was present. Embryo deaths include those chicks which died in 
hatching. Punctured eggs appeared to be punctured by the terns them- 
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selves. Some punctures were of a size that could have been made by 
the birds’ bills, but some were small and may have been made by the 
toes of the birds when they flew off suddenly. Most of the eggs indi- 
cated as having been “destroyed by man or domestic animals” were 
stepped on by four sheep which frequented the 50-nest plot in 1948. 


FLEDGING SUCCESS 


Of the 308 eggs in the four plots, 197, or 64 per cent, hatched. A 
daily search was made for each chick and its history was recorded 
until it died or was fledged. Seldom was a chick which was missing 
for over five days found alive. Young chicks missing for that long a 
period could rather safely be assumed to be dead. 

The average age at fledging varied in the four areas from about 
24 days to about 30 days. Robust chicks which were well feath- 
ered and ready for flight were considered fledged when they dis- 
appeared at ages close to 30 days. Many of the young birds were 
actually observed in their first flights and many were caught after they 
had flown. The first primaries of a few birds, caught just after a first 
flight, were measured to determine the length (flattened). The pri- 
maries of birds nearly able to fly were then measured and the measure- 
ments recorded with their histories. This provided an additional check 
on whether or not a bird of fledging age had actually flown when it dis- 
appeared. Birds having primaries over 100 mm. long were considered 
able to fly if light enough and strong enough. 
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Fig. 4. Brood-size as related to survival. 
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A histogram (figure 4-A) shows the ages at which chicks died. It 
can be seen that over 76 per cent of the deaths occurred during the 
first week of life. The heavy mortality shown for the third and fourth 
days represents deaths of second chicks (see figure 4-D), in nests with 
two chicks. First chicks in nests of two, and single chicks also show 
high mortality during the first week (figure 4-B and C) but not as heavy 
as that of second chicks. The higher mortality of second chicks is due 
to increased competition as the older chicks in the nests become dis- 
proportionately larger and stronger due to their head start. Another 
factor is that the presence of two young chicks in a nest often means 
that the parents must both spend a great deal of their time fishing and 
consequently, two chick nests are seldom guarded by an adult (as single 
chick nests are} while the second adult is off fishing. 

Since a test has been made to determine whether clutch-size affects 
hatching success, it will also be of interest to test for the effects of 
clutch-size and brood-size on post-hatching mortality. This may be 
done by comparing the number of young fledged from one-egg nests and 
one-chick nests with the number fledged from two-egg and two-chick 
nests. The basic data are shown in Tables V and VI. Fledging of one 
chick per nest is considered to constitute successful fledging. 


TABLE V. Clutch-size as related to fledging success. 


No. Eggs Total No. No. Young Young Fledged 
in Nest Eggs Fledged Per Nest 


1 144 54 38 
2 158 52 


All nests 308 107 


A Chi-square analysis of these data shows that the frequencies are 
significant. There is less than one chance in 100 that the variation in 


TABLE vi. Brood-size as related to fledging success. 


No. Young Total No. No. Young Percent of 
in Nest Young Fledged Young Fledged 


1 ee = Ni 75 70.8 
2 88 31 35.2 


All nests 197 107 54.3 


fledging success could have arisen by chance. It may be concluded that 
although clutch size has no significant effect on hatching success, both 
clutch-size and brood-size show an ultimate effect in the success of 
fledging. One-chick nests have better hatching success, but two-egg 
nests give better fledging results than one-egg nests. This seeming in- 
congruity is partly explained by some reduction of two-egg clutches to 
one before hatching. Parental age, as related to clutch-size and to suc- 
cessful breeding, may give other explanations when such a factor is 
studied in Arctic Terns. 





>. — Hawks ey, Breeding Population of Arctic Terns [81 


These results differ notably from those obtained with the Herring 
Gull (Paynter, 1949) in which three-egg nests had the best hatching 
success and in which “surival of the young, at least until the thirtieth 
day, is independent of the brood-size.” This indicates that it would be 
difficult to make general statements on the significance of clutch-size 
in the Laridae from data on one or two species only. It may also point 
to a basic difference between gulls and terns, between a species much 
subject to early predation and one little subject to such predation, or 
to a difference between species laying clutches averaging less than two 
and those species laying larger clutches on a whole. This cannot be 
determined until more species within the family have been investigated. 

The causes of chick death are summarized in Table IV, but need 
some elaboration here. 

A large proportion of the 33 deaths by starvation occurred in two- 
chick nests. The younger chick was usually the victim due to its in- 
ability to compete. 

Twenty-three chicks disappeared. There was little doubt that these 
died. Pettingill (1939) had 29 chicks disappear in his study of Arctic 
Tern mortality on Machias Seal Island. This is a rather high figure for 
only 100 nests, and raises a question as to the amount of disturbance 
which occurred in the study area. He attributed the loss of these chicks 
to “kidnapping or wanderlust.” 

One chick was stepped on by a cow, and four were stepped on by 
sheep. One cow was on the island in 1947, and four sheep replaced it 
in 1948. 

Seven died due to exposure in periods of cold rain. Those which 
drowned fell into pools surrounded by steep rock sides which prevented 
their climbing out. 

The one chick designated as “premature” still had a large yolk sac 
when completely hatched, even though it hatched on the twenty-second 
day of incubation. 

In all, 107 chicks fledged. This gives a success of only 34.7 per cent 
if figured on the total number of eggs but represents 47.6 per cent 
success in terms of pairs which succeeded in fledging a chick. The 
latter is a more reasonable type of figure for a species which seems to be 
capable of raising only one chick per breeding pair per season. The 
figure of 34.7 per cent may be used, however, to compare with Pettingill’s 
very low figure (1939) of 15.9 per cent success from 144 eggs in 100 
nests. 

Pettingill gives three reasons for this low figure (27.3 per cent was 
the lowest figure for any one area in my studies): 1) marauding by 
adult terns, 2) failure of nesting drive, especially in young breeders, 
and 3) competition for food. The first reason is logical enough and 
well supported. In evaluating the second, however. it must be pointed 
out that Pettingill’s study did not begin until July 2, when he “selected 

. one hundred nests with eggs still unhatched.” At this late date in 
the season, many of the nesting birds which still had eggs may not 
only have included young adults in which the nesting drive was 
“incomplete,” but would also have included second nesting attempts 
in which the birds had passed the peak of the nesting drive. Thus, the 
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nests selected were hardly typical of the entire season in that colony. 
Further, the stated span of his stay on the island is less than incubation 
plus the period for attaining flight in the Arctic Tern. Competition of 
adults (as implied) for food seems unlikely because the surrounding 
waters are rich and the terns adapt themselves quickly to changes of 
supply. When one food supply fails, the birds turn to one or several of 
the other abundant food sources. O. L. Austin, Sr. (1946) states that 
all writers, including himself, “have failed to append credible, sub- 
stantiating data” when reporting food shortages affecting chick mortality 
in tern colonies. 

The summer of 1948 was comparatively free of storms and fog, but 
the summer of 1947 produced a bad rainstorm with cold northerly winds 
on July 4and 5. In addition to this, the summer of 1947 was extremely 
foggy. One period of fog in July lasted for 400 hours. The generally 
better weather conditions of the 1948 season may account partially for 
the better nesting success of that year. 

Paynter (1949) found that 36.8 per cent of the eggs in his study of 
Kent Island Herring Gulls produced fledged young. In the same year, 
1947, I found that 37.1 per cent of the eggs in the study of Machias Seal 
Island Arctic Terns produced fledged young. Similarity of weather 
conditions may well have been involved in the likeness of these figures 
and the general success of fledging because weather undoubtedly has 
indirect effects as well as the direct effect of killing young. 


POPULATION VARIATION AND MANAGEMENT 


NON-BREEDING AND DESERTION 


Many authors, including O. L. Austin, Sr. (1934), have suggested 
that tern populations are cyclic in numbers, but little information has 
been presented by anyone but Austin on this matter. 

One of the most interesting phenomena bearing on this subject is 
that of non-breeding. Many cases have been reported in which Arctic 
Terns were present at arctic breeding grounds during the breeding 
season but were prevented from nesting or made no attempt to nest. 
The following are examples. 

In 1855 Evans and Sturge (1859) found the Arctic Tern to be com- 
mon in Western Spitzbergen but its eggs were not found that year. 
Manniche (1910) reported that terns and some other species did not 
nest in northeast Greenland in 1907. Bird and Bird (1935) reported 
the species as present on Jan Mayen Island in 1934, but the birds 
“made no attempt to breed.” The Birds (1941) mention non-breeding 
of the Arctic Tern in northeast Greenland in 1938 but believed that 
predation by Ermines prevented the species from breeding. Late 
arrival, and as a consequence, the possibility that the birds had passed 
the peak of breeding condition was probably the cause of the very 
reduced breeding reported by Seligman and Willcox (1940) for Jan 
Mayen Island in 1938. J. G. Williams (1941) reported that all the 
breeding colonies on the Varanger Peninsula, East Finmark. were 
deserted in the late, cold summer of 1939. 
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A consideration of the factors involved led Lack (1933) to the con- 
clusion that periodic non-breeding of the type exhibited by the Arctic 
Tern is due to “late seasons” in which suitable nesting sites are covered 
with snow and ice until the gonads have regressed to the point where 
the birds are no longer capable of breeding that season. This conclusion 
is borne out by more recent observations such as those of the Birds 
(1940) and A. J. Marshall (1952). This non-breeding cannot be con- 
sidered then, as a truly cyclic phenomenon. 

Desertion has been known to occur in tern colonies due to excessive 
egg robbing or due to the continued presence of certain predators. 
Where terns nest in large colonies, they have little success if they are 
hampered by numerous predators and often desert. 

Another type of desertion, however, has been described by N. 
Marshall (1942) who observed it in Common Tern colonies on Lake 
Erie. The desertion took place in the form of extended evening social 
flights in which nearly the entire population took part and from which 
they did not return to their nests until the following morning. Marshall 
was completely puzzled by this performance which he saw take place 
several times in the years 1939, 1940 and 1941. The colony he studied 
at Starve Island was unsuccessful all three seasons. In 1939, the 1,052 
nests of May 25 produced only a single chick. The population dropped 
off to 513 pairs in 1940 and to 109 pairs in 1941 with only a few young 
raised each year. Chilling of the eggs during the periods of night 
desertion may have been responsible for the lack of success. 

Marshall was apparently unaware that evening social flights in which 
the birds return, are normal, almost daily, occurrences in terneries. 
If, as he seemed reasonably sure, neither human disturbance nor 
predators were causes, only one explanation seems plausible in the light 
of our present knowledge of tern behavior. That is, that for some 
reason, the intensity of the social flight increased to such a point that 
social behavior dominated individual behavior so that the terns went 
off in a flock instead of returning to incubation. If the breeders were 
predominantly young, their incubating drive may have been more 
readily overcome by a flocking drive (see O. L. Austin, Sr., 1945). 

On June 27, 1948, I witnessed a peculiar social flight of Arctic Terns 
at Machias Seal Island which had some of the characteristics of the 
desertion flights described by Marshall, but the birds finally returned 
to their nests. Out-flights began on the north end of the island at 
12:50 p.m. These soon spread to most of the island and took on the 
form of the morning social flight. The day was clear and bright and 
upon searching the sky for a predator which could have caused the 
alarm we saw nothing. At 1:05 p.m., a group of about 100 terns 
alighted in a raft on the water about one-half mile off-shore. They 
did not bathe, but a few moments later arose en masse and flew back 
to the island. It was not until 1:30 p.m. that the ternery quieted down 
to continue its normal activities. Since this phenomenal flight occurred 
just prior to the time of the hatching of most of the young, it may be 
that it was a result of pent-up tension in the incubating birds. I have 
no definite evidence for this idea, however, and it would not explain 
similarly puzzling flights which occurred at other times. These flights 
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are much like those which the Marples (1934: 169) called “panics.” 
Although in neither this case nor in Marshall’s observation, any predator 
was seen, this does not exclude the possible presence of one, since out- 
flights are typically set off by visual or auditory alarm stimuli. 


ECOLOGICAL SUCCESSION AND OTHER HABITAT CHANGES 


Plant succession and other vegetational changes have a definite effect 
on tern populations, either directly, or indirectly through consequent 
changes in populations of other species of birds inhabiting the area. 
Many environmental changes have occurred during the past 50 years 
in areas that have been used by breeding terns. Most of these changes 
have been due to changes in land use rather than to true succession. 
Since they have often been abrupt and drastic changes, their effect on 
tern populations has been more disastrous than the normal ecological 
succession would have been, for, in many cases, the outer islands on 
which Arctic Terns nested had rather stabilized ecological conditions 
until man interfered. 

In 1932, thousands of young or eggs of Common Terns and Roseate 
Terns were destroyed or mysteriously disappeared from Penikese 
Island, Massachusetts. Floyd (1932) thought that the disappearance of 
eelgrass (Zostera marina) from the surrounding waters at that time 
may have caused a failure of food for the terns, but there was no con- 
clusive evidence for this. 

Vegetational changes on islands in the Cape Cod region have had a 
very clear connection with population changes. I have already cited 
the instance (Austin, Sr. 1940) in which the overgrowth of Hopkins 
Island by bushes forced out a flourishing colony of Arctic Terns. 
Reclamation (by humans) for terns of some of these areas has been 
accomplished by destroying the high vegetation. 

The Marples (1934) refer to the encroachment upon tern nesting 
territory by Black-headed Gulls and the resulting moves made by the 
terns. The terns either move to an entirely new area. or if there is 
sufficient room, they move to another part of the same area, apart from 
the gulls. 

The increase in numbers of Herring Gulls and Great Black-backed 
Gulls and the decrease or shifting of tern populations along our eastern 
seaboard has been a matter of concern to many students of birds in 
recent years. 

In stating that the Common Tern “must have an inherent ability to 
make readjustments to the necessities of altered environment.” O. L. 
Austin, Sr. (1942) must have referred mainly to situations in which 
the terns were not in direct competition with gulls. Crowell and Crowell 
(1946) have shown that on relatively small islands, such as those in 
the Weepecket group (Mass.), where terns must compete with gulls, 
the terns are forced out as the gulls increase. 

The succession of nesting species on Muskeget Island, Massachusetts, 
has furnished an outstanding example of population change. Early in 
the nineteenth century, Muskeget was primarily a tern colony and 
probably the largest such colony on the New England coast. Later, 
the Laughing Gull appeared there and by 1850 became an abundant 
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breeder. Its numbers fluctuated, due to egging and the feather trade, 
but in 1945, 16,000-22,000 pairs were estimated to be present. Since 
that time, Herring Gulls, which began nesting on the island in 1922, 
have become so numerous that there was a reduction of Laughing Gulls 
to about 2,500 pairs in 1947, The terns then nesting on Muskeget num- 
bered only about 1,000 and were limited to one area (Gross 1948). 

The Laughing Gull is often found nesting with terns, but usually this 
association occurs on islands with high growing herbs and thus they 
are islands more used by Common Terns and Roseate Terns than by 
Arctic Terns. The Laughing Gull is more tern-like in its movements 
than the larger gulls and due to its manoeuverability it is more readily 
able to colonize in terneries. Once it becomes established, however, the 
way is opened for intrusion by the larger species of gulls. 

The nesting of two pairs of Laughing Gulls on Machias Seal Island in 
1948 might not have occurred if the island had not had so much 
high vegetation. Some of the changes which have taken place on 
Machias Seal Island have a direct bearing on populations there and will 
now be discussed. 

The estimates of Arctic Tern populations on Machias Seal Island have 
largely been guesses which appear to have been influenced by the 
guesses of former visitors to the island. Estimates of about 2,000 pairs 
have been given from 1911 (Brown) until 1937 (Pettingill 1939) but 
it seems unlikely that the population would have been that constant. 
It is apparent from details given to me by the keeper that it has 
varied greatly in recent years. When Mr. Benson became keeper in 
1944, there were about 40 sheep on the island. These belonged to the 
former keeper and since they could not be taken off until August or 
Septemb;, the terns failed to raise any young that year. Needless 
to say, the vegetation on the island was close-cropped and much of it was 
destroyed completely. In 1945, the birds returned and nested success- 
fully and by 1946 they were present in larger numbers than Benson 
had ever seen them, although he had worked as assistant keeper or had 
visited the island during a period of many years. In 1946, the vegeta- 
tion. was still low, but by 1947 it reached a height of about 40 inches. 
which caused the permanent residents to talk about the island being the 
“weediest” they had seen it. This was probably due to the lack of 
grazing animals (except for one cow), and to the fertilizer contributed 
by the 40 sheep which were taken off in 1944, 

In 1948, a decline in the island vegetation began (with the aid of 
four sheep) and the yarrow was four to six inches shorter at blooming 
time than in 1947. Four sheep were still present in 194° and the yarrow 
was only a few inches high when we arrived on July 6. It then had 
only about two more weeks to reach maximum height which probably 
was much lower than in 1948. In addition, much yarrow had been 
supplanted by Rumex acetosella and grasses. 

Several methods of making a census of the breeding Arctic Terns on 
Machias Seal Island in 1947 and 1948 were considered but only one 
method seemed practical. This was an indirect method which used data 
obtained from the mortality studies and “saturation” banding of young. 
The majority of birds banded were banded close to fledging age when 
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mortality was slight. Banding was done systematically by moving up 
and down marked lines which extended from the center of the island 
to the edge of the nesting area. When a complete circuit of the 
island had been made in this manner, a second circuit was made 
and so on. With each succeeding circuit of the island, fewer young 
were banded until the bandings per unit of effort approached almost 
zero and it was estimated that practically all young on the island had 
been banded. During the process of banding, bands were removed from 
the few dead chicks found and placed on live chicks. The total breeding 
adult population was then figured by using the number of chicks fledged 
by the total pairs nesting in the survival study areas as an index. 

In 1947, the number of juvenals banded was 1,281 which were all 
that could be found. From this and the fact that 150 pairs in the study 
areas fledged 66 young, it was calculated that the breeding adult popula- 
tion was approximately 2,900 pairs. 

A total of 1,592 juvenals were banded in 1948 but we could have 
banded about 300 more if we had had more bands. Since 75 pairs 
fledged 41 young, this indicated that the total breeding adult popula- 
tion was around 3,450 pairs. 

The limitations of statistical reliability of such figures are obvious 
but they do allow some means, better than guessing, for comparing the 
populations of the two years. 

Our party banded 1,384 juvenals in early July, 1949, and Dr. and 
Mrs. Southgate Hoyt banded 308 more in the latter part of the month. 
Since our three-day banding effort by no means included all birds 
bandable at that time, and since some birds fledged before the Hoyts 
arrived, | am reasonably sure that the colony was as large or larger in 
1949 than it was in 1948. The weather in 1949 was much like that of 
1948 and success in rearing young seemed to be good. 

During the fall and winter following a banding season, Allison Ben- 
son, son of the keeper, searched for bands on skeletons or on crippled 
young left on the island. He found 22 bands after the 1947 season 
and 27 after the 1948 season. Most of these bands were taken from 
juvenals which had broken wings. They had probably received these 
injuries in flying, so this would not alter the population estimates. 

The steady increase in the size of the breeding population from 1945 
through 1949 might have been prevented if the high vegetation of 1947 
had continued to persist or if the Laughing Gulls which nested on the 
island in 1948 had renested and increased the following year. The 
vegetational change from 1947 to 1948 showed up in the great increase 
of nesting material in nests of 1948. The material was mostly stems of 
dead yarrow left from the year before. It was also noticed that some 
1948 nests were formed of rings of dried bits of sheep dung. 

Common Terns showed some increase during the three years. In 
1947 a total of 42 young were banded. Common Terns were not banded 
after the band supply ran low in 1948, but 40 had been banded up until 
that time. A total of 110 young Common Terns were banded on the 
island in 1949. The Common Tern has pressed back and replaced the 
Arctic Tern in several localities in Great Britain (Robinson, 1920, 
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1921a, 1921b) but it is unlikely that this will occur on Machias Seal 
Island unless the vegetation increases for a period of several years. 


“INTERNAL FACTORS” 


Thus far, mainly “external factors,” or factors of the outside environ- 
ment, have been considered as affecting tern populations. “Internal 
factors.” or factors within the behavior of the species itself, are also 
important. 

The certain threshold of numbers necessary for successful breeding 
in many species of Laridae (Darling 1938) is a factor of this sort. 
Palmer (1941: 101) has already mentioned that Arctic Terns which 
nest singly on tire tundra near Churchill, Manitoba, gather together for 
social flights which probably result in necessary sensory stimulation. 

Darling’s idea that the larger the colony, the earlier and more success- 
ful the breeding, was borne out by the attempted breeding of Arctic 
Terns on Gull Rock in 1948. These birds nested later (stiil laying on 
June 20) than the birds on Machias Seal Island and did not reach 
numbers exceeding 20 pairs. By July 16 all eggs had disappeared from 
Gull Rock and no young were found. These birds were close enough to 
take part in social flights with birds from the main island so their 
failure may have been due partly to small numbers and partly to the 
presence of a pair of nesting Herring Gulls and other roosting gulls on 
the smaller island. 

Townsend (1923) tells of a population of 1,000 pairs of terns on this 
rock, equal to the number breeding on the main island at that time. 
These were either driven off by gulls or otherwise found conditions 
better on the main island for no terns have nested on Gull Rock for 
some time. Pettingill (1936) found that six pairs of Herring Gulls 
(presumably in 1935) had replaced the terns on this rock and thought 
that they would have a bad effect on terns on the main island if -not 
checked. 

The inability of terns to compete with gulls is thought by Tinbergen 
(1932) to be due to the unadaptability of terns under changing condi- 
tions: There are other “internal factors” which affect population, such 
as infertility, breakage of eggs and maltreatment of chicks, but these 
are of small importance individually as compared with the basic 
psychic make-up of the birds as mentioned by Tinbergen. 

One other “internal factor” which is important is the age composition 
of the breeding population. Austin, Sr. (1945) has shown for the 
Common Tern that the behavior pattern and success of the whole 
colony depends to some degree upon the influence of older breeders 
which have nested in the same locality over a period of time. 


MANAGEMENT 


The probability of the management of sea birds to obtain their eggs 
as food for human consumption is not entirely remote, but most man- 
agement that takes place in the near future more likely will be for 
aesthetic reasons. Management of this type has already been carried 
out with success by the Austin Ornithological Research Station on Cape 
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Cod. Tern breeding areas which had become overgrown were at first 
reclaimed by removing the vegetation by hand, although plowing, 
harrowing and raking were recognized as a better answer. Later, tractors 
were employed in this work, much of which took place on Tern Island 
which is sandy. The terns responded by decreasing nest concentration, 
thus decreasing mortality due to internal strife and allowing more area 
for nesting in general. 

In addition, debris, wreckage and shacks which harbored rats were 
eliminated and red squill was planted generously. (Austin, Sr. 1934, 
1940, 1946; Floyd 1938). 

Hundreds of terns, including 10 pairs of Arctic Terns, nested on a 
new area created by dredging at Cape Cod in 1947 (Austin Sr., 1948b). 

Management of the Machias Seal Island ternery is unnecessary except 
for the possible fencing-in of domestic animals which show signs of 
doing damage to the terns. The central part of the island (see figure 2) 
has much grass which could be used by grazing animals. This area is 
not used by terns, sheep or cows because of the presence of humans in 
the central area, but enclosed animals would be forced to use it. 

Management at Matinicus Rock, Maine, would be beneficial. U. S. 
Coast Guard personnel allowed cats to run free there during the second 
World War. These cats became feral and were credited with the 
destruction of the large tern colony which formerly existed there. It is 
said that rats also inhabit the island. Extermination of these predators 
should eventually bring back the terns, but to my knowledge such a 
program has not been undertaken. 


SUMMARY 


Arctic Terns are principally deep water feeders but adapt readily to 
changes in food supply. Insects become important in the diet when 
abundant. 

Weather and light affect food procuring and social activity. The 
Arctic Tern depends less on water for food than the Common Tern, but 
most of its food is taken from the sea. Water is also important for 
bathing. 

Nesting sites with little vegetation are most desirable. A change to 
high vegetation in a breeding area will often prevent Arctic Terns from 
breeding in that spot, either directly for mechanical reasons, or in- 
directly by favoring species better adapted to higher vegetation. 

Associates include a great variety of other charadriiform and anseri- 
form birds. There is evidence of commensalism in which Old-squaws 
and Tufted Ducks, especially, are benefited by nesting in Arctic Tern 
colonies. 

Important predators include gulls, hawks, jaegers and some mammals. 
Jaegers and Sabine’s Gull tend toward being parasitic on the Arctic 
Tern. 

The Mallophaga of the Arctic Tern indicate that it is more closely 
related to the Antarctic Tern than to the Common Tern. 

Arctic Terns lay smaller clutches in the Bay of Fundy area than they 
do in arctic or sub-arctic regions. Clutch-size for the species averages 
under two eggs. This is significant, for the species seems incapable of 
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raising more than one chick per pair of adults, at least at the Machias 
Seal Island colony. The incubation period for individual marked eggs 
of the Arctic Tern at Machias Seal Island is 22 days. Not all of the 
birds delay incubation until the clutch is complete. Clutch-size does 
not affect hatching success but two-egg clutches and one-chick broods 
contain the optimum number for fledging success. The fledging success 
(Table IV) for the combined years 1947 and 1948 was 34.7 per cent 
figured on the total number of eggs. However, 47.6 per cent of the 
breeding pairs succeeded in fledging a chick. 

Non-breeding in the Arctic caused by late summers, ecological changes 
in the ternery, “internal” factors and predation, reduce populations. 
Egging probably has a serious effect on populations only in primitive 
areas. 


Estimates based on average fledging success and banding of essentially 
all young ready to fledge placed populations for the Machias Seal Island 
colony at approximately 2,900 pairs for 1947 and 3,450 pairs for 1948. 
The population appeared to be as large or larger in 1949. 


Suggestions for management include control of vegetation and 
predators, including domestic animals. 
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A SEROLOGICAL SURVEY OF ORNITHOSIS 
IN BIRD BANDERS* 


C. Brooke WortH, VINCENT HAMPARIANt AND GEOFFREY RAKE 
INTRODUCTION 


Ornithosis is a chlamydial (somewhat virus-like) disease occurring 
at times among birds of many species including pheasants, chickens, 
pigeons, turkeys, ducks, certain wading birds and even fulmars. It is 
related to, and may be identical with, psittacosis which occurs in 
psittacine birds. All avian species tested to date have been found to 
be susceptible to infection by experimental inoculation. There have 
been well-marked epidemics associated with commercial enterprises such 
as breeding aviaries, transport agencies, poultry and pheasant farms and 
poultry-processing plants. It has occurred also among bird hunters in 
Louisiana. Infection of human beings by the causative agent may be 
followed by mild or severe illness or may not be attended by clinical 
symptoms. 

Little is known of the occurrence of ornithosis in the native wild 
avifauna of the United States. Only the Herring Gull, Snowy Egret, 
Willet, Magpie, Painted Bunting and Goldfinch have thus far been 
found naturally infected. If the disease exists among the hundreds of 
other native species to any appreciable extent, especially among other 


* Contribution No. 6 from Microbiology in Medicine. This study has been aided 
by a grant from the Hartz Mountain Products Corporation. 

+ The work presented in this paper was performed in partial fulfillment of the 
requirements of the Ph.D. degree at the University of Pennsylvania. Present 
address: Children’s Hospital, Philadelphia. 
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passerine species, it would seem reasonable to expect that some bird- 
banders would acquire it from them. In this country bird-banders are 
the only group in the population who regularly come into intimate con- 
tact with small wild birds. This contact, moreover, is a sustained one 
that persists over a long span of years, since bird-banders do not as a 
rule embrace this activity as a whim or passing hobby. It therefore 
becomes of interest to learn whether bird-banders as a class show 
serological evidence of a higher past incidence of ornithosis infection 
than that of the general population. This, in turn, provides an indirect 
clue to the degree of incidence of ornithosis among small native birds in 
the wild state. 


MATERIALS AND METHODS 


The following study reports the findings on the sera of thirty-five 
individuals who graciously contributed specimens of their blood at the 
annual meeting of the Eastern Bird Banding Association at Washington 
Crossing Park, Pennsylvania, on April 21, 1956¢. The individuals, all 
of whom were Caucasians, were asked to fill in a questionnaire as to 
their avian contacts and past medical histories. A summary of this 
information is given in the accompanying tables. Tables 6 and 7 by no 
means include all the types of birds banded, since some banders regu- 
larly handle fifty or more species each year. The backyard banding 
stations were located in Connecticut, New York, New Jersey and Penn- 
sylvania, so that a fairly homogeneous geographic area is represented. 


Colonial banding studies were made chiefly along the Atlantic Coast 
from Maryland to Maine. 


TABLE I. Age and sex of bird-banders. 
Age Not 
Group 11-15 16-20 21-30 31-40) = 41-50 51-60 61-70 Specified Total 
Male 3 2 0 7 6 4 3 1 26 
Female 0 0 0 0 4 1 1 9 





Totals 3 2 0 Ff 10 8 4 35 


TABLE Ul. Banders giving history of past “chest infection.” 
Not 
Years Ago 0-1 2-5 6-10 11-20 21+ Specified 
No. Banders 1 0 0 2 1 2 


TABLE U1. Banders having contact with domestic birds. 


Species of Bird Parakeets Pigeons Chickens 
No. Banders 6 2 + 


TABLE Iv. Duration of banding activities. 
No. Years 0-1 41-2 25 6-10 11-20 21+ Never Banded, 
Although Maintain 
Bird-Feeding Stations 
No. Banders 4 6 8 4 6 5 ; 


¢ The assistance of Dr. Philip S. Brachman and Mr. Albert Ketler in drawing 
blood specimens is gratefully acknowledged. 
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TABLE v. Total birds handled annually. 
Not 
No. Birds 1-100 101-500 500+ None Specified 
No. Banders 2 ll 19 2 1 


TABLE VI. Birds most frequently handled at 32 backyard banding stations. 
No. Banders Species No. Banders Species 
Chimney Swift 7 “Grackle” 
Mourning Dove 2 Cowbird 
Bank Swallow Redwing 
Barn Swallow “Blackbirds” 
“Chickadee” Towhee 
Catbird Evening Grosbeak 
Brown Thrasher Purple finch 
“Wrens” House finch 
Robin Junco 
Bluebird Whitethroat 
American Pipit Tree Sparrow 
Blue Jay Song Sparrow 
Starling “Sparrows” 


CO ee ND OO NO 
PIP ODK BNR Ke A 


TABLE vil. Colonial or water birds handled by eight bird-banders. 


No. Banders Species No. Banders Species 
5 Common tern Arctic tern 

Herring gull “Terns” 
Black skimmer Black guillemot 
Laughing gull “Cormorant” 
“Night heron” Leach’s petrel 
Least tern “Waterfowl” 
Black-backed gull Bank swallow 


The sera were tested as follows: 


A. Sera 

All blood specimens were centrifuged on the day they were drawn 
and the sera obtained were stored at —20°C until used. Serum speci- 
mens were inactivated in a water bath at 56°C for 14 hour before use in 
complement fixation tests. 


B. Amboceptor 

Commercially prepared rabbit amboceptor was used in all tests. The 
amboceptor was titrated before each test and diluted to contain three 
units in 0.25 ml. 


C. Sensitized cell suspension 

Sheep cells were washed three times by centrifugation in physiologic 
saline and were then diluted in saline to comprise a 3% suspension. 
Equal volumes of 3% sheep cells and diluted amboceptor containing 
three units in 0.25 ml. were mixed and allowed to stand at room tem- 
perature for 14, hour before use. 


D. Complement 

Commercially prepared dehydrated complement was rehydrated and 
titrated before each test. The complement was diluted to contain 2 
complete units in 0.5 ml. 
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E. Antigens 


Squibb Lygranum and Lygranum control antigens were used in all 
tests. The antigens were diluted to contain two units of antigen in 
0.2 ml. 


F. Procedure 


Serial twofold dilutions of sera were made in tubes in 0.25 ml. 
amounts to which were added 0.5 ml. of complement and 0.2 ml. of 
antigen. This mixture was incubated for one hour in a water bath at 
37°C. Five-tenths ml. of sensitized cell suspension was then added and 
the tubes were reincubated in a 37°C water bath for 30 minutes and 
then read according to the amount of hemolysis present. The highest 
serum dilution tube showing no hemolysis (complete fixation of com- 
plement) was considered the complement fixing titer for that particu- 
lar serum specimen. All the necessary controls were included in each 
complement fixation test. 


RESULTS 


Thirty-two sera were nonreactive at 1:5 dilution. Two were slightly 
reactive at 1:5 dilution but not at greater dilutions: these results were 
regarded as being of no significance. One serum was positive at 1:20 
dilution, a result that may be accepted as being clinically significant. 
The individual contributing the latter specimen is a fifteen-year-old 
male who has assisted in the operation of a bird-banding station at his 


school for only the past nine months. The annual turnover at this 
station is 800 birds, chiefly tree sparrows and white-throated sparrows. 
The individual concerned has stated in subsequent correspondence that 
the only pets maintained at his home are a dog and a cat and that he 
has no knowledge of any past respiratory infection except the common 
cold. His school is in New York State. 


DISCUSSION 


Since psittacosis and ornithosis in man may escape clinical detection 
owing to the mildness of some infections, its incidence in the population 
at large is unknown. Serological surveys for determining the level of 
past infection in various groups of people are handicapped in two ways: 
positive results due to cross reactions are recorded if individuals are 
infected with the agent of lymphogranuloma venereum; negative reac- 
tions may occur in persons whose ornithosis antibodies have dropped 
to undetectable levels due to spontaneous “burning out” of their 
infections, or in persons who possibly may have eradicated latent 
ornithosis infections by taking a course of antibiotics incidental to the 
treatment of other illnesses. 

Lymphogranuloma venereum occurs most frequently in the colored 
race. Among Caucasians it is most frequent among persons experi- 
encing the common venereal diseases. This cross-reaction was therefore 
not to be expected as a confusing factor in the present survey. 

We are left, then, with the problem of surveys among bird-handlers. 
The most pertinent investigation seems to be a recent study of positive 
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serology among railway express messengers known to have had various 
animals, including parakeets, under their care in transit (1). Of 24 
persons thus engaged, 17 (71%) reacted positively. However, among 
19 loaders and 20 office workers in the same organization, none of 
whom was aware of having had contact with the animals and birds in 
transit, only 5 (13%) reacted similarly. 

The latter figure seems too high to be accepted as the general level 
of infection of the unexposed public. Undoubtedly the loaders and 
office workers were receiving some degree of contamination unbe- 
knownst to themselves, e.g., the loaders might have been coming into 
contact with feral pigeons, a notoriously heavily infected host species. 
This would indicate that if ornithosis is present, even in a somewhat 
remote form, the risk of acquiring infection remains at a significant 
level. 

In view of these considerations it appears that much of our native 
wild avifauna, and particularly the vast passerine segment, cannot be 
regarded as an effective potential source of ornithosis infection among 
bird-banders. Granted that the number of specimens in the present 
survey was not as great as might be desired, the range of bird species 
covered was large and many of the sera were obtained from some of our 
real “old-timers” in the banding game. 

The one positive reaction was found in an individual with the least 
possible experience in bird-banding. It is implausible to ascribe his 
serology to such brief exposure in view of the remaining non-reactive 
sera, although the assumption cannot be disproved. 


It remains possible that bird-banders may acquire ornithosis occa- 
sionally from wild birds. Even if this is the case, the results of this 
survey tend to emphasize that the hazard must be remarkably small. 


SUMMARY 

A serological survey for ornithosis was conducted among thirty-five 
ornithologists, thirty-three of them bird-banders, from Connecticut, New 
York, New Jersey and Pennsylvania. Thirty-four sera were negative. 
The single positive specimen came from a youth with minimal experi- 
ence in bird-banding: he may easily have acquired his infection from a 
different source, although this could not be ascertained. It is concluded 
that most species among our native wild birds are not a hazardous 
reservoir of ornithosis infection. 
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APPENDIX I. 


Scientific Names of Species Mentioned in the Text 
Fulmar, Fulmarus glacialis 
Leach’s Petrel, Oceanodroma leucorhoa 
Snowy Egret, Egretta thula 
Pheasant, Phasianus colchicus 
Chicken, Gallus sp. (hybrid?) 
Turkey, Meleagris gallopavo 
Willet, Catoptrophorus semipalmatus 
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Great Black-backed Gull, Larus marinus 
Herring Gull, Larus argentatus 

Laughing Gull, Larus atricilla 

Common Tern, Sterna hirundo 

Arctic Tern, Sterna paradisaea 

Least Tern, Sterna antillarum 

Black Skimmer, Rhynchops nigra 

Black Guillemot, Cepphus grylle 
Domestic Pigeon, Columba livia 
Mourning Dove, Zenaidura macroura 
Chimney Swift, Chaetura pelagica 

Bank Swallow, Riparia riparia 

Barn Swallow, Hirundo erythrogaster 
Blue Jay, Cyanocitta cristata 

Magpie, Pica pica 

Catbird, Dumetella carolinensis 

Brown Thrasher, Toxostoma rujum 
Robin, Turdus migratorius 

Bluebird, Sialia sialis 

American Pipit, Anthus spinoletta 
Starling, Sturnus vulgaris 

Redwing, Agelaius phoeniceus 

Cowbird, Molothrus ater 

Painted Bunting, Passerina ciris 

Evening Grosbeak, Hesperiphona vespertina 
Purple Finch, Carpodacus purpureus 
House Finch, Carpodacus mexicanus 
Goldfinch, Spinus tristis 

Towhee, Pipilo erythrophthalmus 

Junco, Junco hyemalis 

Tree Sparrow, Spizella arborea 
White-throat, Zonotrichia albicollis 

Song Sparrow, Melospiza melodia 
“Parakeets,” Family Psittacidae 

“Ducks,” Family Anatidae 

“Night Heron,” Probably Nycticorax nycticorax 
“Cormorant,” Probably Phalacrocorax auritus: 
“Chickadee,” Probably Parus atricapillus 
“Wren,” Probably Troglodytes aédon 
“Grackle,” Probably Quiscalus quiscula 


Wistar Institute of Anatomy and Biology, and the 
University of Pennsylvania, Philadelphia, Pennsylvania 
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GENERAL NOTES 


Breeding of the Glossy Ibis in Virginia.—During the summer of 1956 
several days, June 17-21, were spent banding birds on Hog Island, Northampton 
County, Virginia. Most of our banding activities were concentrated in the large 
heronry located about one mile south of the Coast Guard Station at the north 
end of the island. Four adult Glossy Ibises (Plegadis jfalcinellus) which behaved 
like breeding birds were observed. These birds have already been reported by 
F. R. Scott in Audubon Field Notes (1956, 10(5): 375). On our last day in 
the colony, we discovered the ibis nests. The first nest contained two young 
old enough to be banded, one young too small for banding and an egg. The 
second nest, located a few feet from the first, contained two young that were 
about the same age as the large nestlings of the first nest. The age of the four 
banded young birds was judged to be between one and two weeks. This consti- 
tutes the first definite nesting record of this species in Virginia and the northern- 
most record for the Atlaniic coast except for the nesting records at Cape May, 
N. J. (Audubon Field Notes, 10: 375). 

One of the young birds was recovered three months later. It was killed 
September 17, 1956 on Ile aux Grues (in the St. Lawrence River, just north of 
Quebec), Montmagny County, Quebec, some 850 miles north of where it was 
raised. Of greatest importance is the fact that a bird reared at the very northern 
edge of the species range and indeed the young of birds that had wandered far 
north of the usual range of the species, had wandered many hundred miles 
farther to a point 1,000 plus miles north of the usual border of the species range. 
This suggests that possibly those birds which extend the breeding range of a 
species are greater wanderers than normal for the species. (For discussion of 
this general point, see the paper by Otterlind reviewed in Bird-Banding 27: 35-36, 
January, 1956).—Walter Bock and John Terborgh, Biological Laboratories, Har- 
vard University, Cambridge, Massachusetts. 


Westward Flight of Two Evening Grosbeaks.—During the winter 1951- 
1952, I banded 36 Evening Grosbeaks (Hesperiphona vespertina) in Hartford, 
Connecticut, and 16 in Warner, New Hampshire. In Hartford, Connecticut, num- 
ber 50-106016 @ was banded on March 15, 1952. In Warner, New Hampshire, 
number 50-106032 ¢ was banded on May 1, 1952. Possibly these individuals 
were from the same flock as indicated by the fact that one other grosbeak banded 
in Hartford has been retaken in Warner. On May 2, 1955, number 50-106016. 9 
was trapped and released by Bernard Brouchoud, Jr., in Mishicot, Wisconsin, and 
on May 3, 1955, number 50-106032 4 was likewise trapped and released by him 
at the same place. As these birds were both in New England and perhaps together 
in the same flock in 1952, some interesting conclusions might be inferred from 
the fact that they were together in Wisconsin three years later—E. A. Carrier, 
Bloomfield, Connecticut. 


Significant Evening Grosbeak Record.—The erratic wanderings of Hesperi- 
phona vespertina may be very well typified by the following records. We banded 
Evening Grosbeak No. 48-218521 as an adult female on March 17, 1949. Accord- 
ing to the 3-624 reports subsequently received from the Bird-Banding Office this 
bird has since been trapped and released at three other stations: 


By At Recaptured 
Cristabel S. Rockwood Conway, Mass. Dec. 13, 1954 
B. M. Shaub Northampton, Mass. Apr. 20, 1955 
H. A. W. Kates Montoursville, Pa. Dec. 31, 1955 


The bird was originally banded by this reporter—G. Hapgood Parks, 99 War- 
renton Avenue, Hartford, Connecticut. 
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Additional Recoveries of Banded Crows, Hawks, and Owls.—The follow- 
ing seven recoveries of birds banded in northeastern Ohio have some to hand 
in recent years. An American Crow was collected as a nestling at the eastern 
edge of Medina by Stephen T. Harty on May 27, 1953. He kept it in captivity 
for 10 days after which it was banded with one of the writer’s bands, no. 515- 
23551, and then released in the same locality. It was shot on March 8, 1954. 
near Rittman by Floyd Houglan some 13 miles from its nesting site. 

Two of my students and I banded three nestling Red-shouldered Hawks on 
the Call farm in east-central Summit County on June 6, 1952. One of these 
(47-720251) was recaptured in Portage County on September 25 that year about 
4.5 miles away by Charles Boettler who found the bird on the banks of the 
Cuyahoga River at the edge of his farm. It was unable to fly because of a 
gun-shot wound in the left wing. The bird was released that evening. Another 
one (47-720253) was found dead in woods near Akron by Stanley Pogorzelski on 
January 21, 1954, some 8 miles from the nesting site. 

A fledgling Screech Owl banded with no. 39-520909 on December 6, 19/9, three 
miles southwest of Kent by one of my students, James Questal, was shot at 
Hudson, 8 miles away, by Edward Grochocki on October 12, 1950. Four nestling 
Barn Owls were banded in the belfry of the Freedom Congregational Church on 
August 9, 1953. One of them (536-92787) was captured at Warsaw, N. C.. 
January 12, 1955, by Henry H. Gray. This bird had travelled a minimum dis- 
tance of 500 miles southeastward. One of seven nestling Barn Owls (536-92776). 
banded in a silo at Hartville, on May 26, 1953, was found with a broken wing 
at McDonald, 33 miles away, on November 11 the same year by Dale Cooper. 
The next year five more nestlings were banded at the same nesting site on the 
Gilcrest farm on May 28, 1954. One of these (536-92793) was found dead in 
the Morris Park School building in Minneapolis, Minnesota, on December 2, 1955. 
Apparently it had sought shelter in the chimney and made its way into the air- 
intake room where it died, presumably from asphyxiation. This Barn Owl had 
travelled a minimum distance of 670 miles northwestward. 

Earlier notes on recoveries of these groups of birds banded by the writer 
will be found in Bird-Banding 13: 120; 14: 75; 21: 114 and Inland Bird-Banding 
News 23: 3. The writer has banded such birds only incidentally. However, 
from a total of 78, recoveries have been made for 22 percent. Because of the 
size of crows, hawks, and owls and the fact that many people kill them whether 
it is legal or desirable or not, banders have a reasonable chance of obtaining 
recovery information of interest. These groups show much promise for banding 
research.—Ralph W. Dexter, Department of Biology, Kent State University, Kent, 
Ohio. 


Six-year-old Catbird.—It was with much regret that I discovered on June 
3, 1956, the feathers and legs of an old Catbird (Dumetella carolinensis) friend 
who, with the exception of one year, had regularly returned to my banding 
station here at Groton, Massachusetts, since he was banded on May 14, 1951. 
He carried band No. 41-149619. Skipping 1952, this bird was re-trapped each 
May in 1953, 1954, 1955 and 1956, and usually repeated from two to four times. 
As he was an adult when banded, he was evidently at least six years old when 
he met his fate-—William P. Wharton, Groton, Massachusetts. 


Robin Banded in Massachusetts Recovered in Texas.—The Robin (Turdus 
migratorius) recovered at the longest distance from this station so far was “found” 
at Conroe, Texas, in March, 1956. It had been banded as an immature on July 
18, 1955, with band no. 522-63604. From Groton, Massachusetts, the distance 
as the crow flies is over 1,500 miles. Only one bird from this station has previ- 
ously recorded a greater distance: a White-crowned Sparrow (Zonotrichia leuco- 
phrys) (39-174021) which was banded October 12, 1939, and was found dead 
at Mount Home, Texas, about 1,700 miles away, on January 28, 1940.—William P. 
Wharton, Groton, Massachusetts. 
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RECENT LITERATURE 
BANDING 
(See also Number 16) 


1. Expansion of the Revtangen Ornithological Station. (Utvidelse av 
Ornitologisk Stasjon, Revtangen.) Holger Holgersen. 1955. Stavanger Museums 
Arbok 1955, pp. 135-140. (English Summary.) Describes the Bird Observatory, 
32 kms from Stavanger and easily reached by bus, founded in 1937 and admin- 
istered by the Zoological Department of the Stavanger Museum. It has proved 
“a most excellent place for the trapping and ringing of birds, principally waders 
of many species, and for the study of migration, particularly of shore and sea 
birds but also of terrestrial species.” 

A new cottage for visitors was built there in 1955. “It has accommodations 
for up to 6 guests who pay a nominal charge for the use of rings, traps, kitchen 
utensils, electricity, etc. Visitors will have to prepare their own meals. Priority 
in bookings will be given to ornithologists who are prepared to take part in the 
ringing and observatory work and to help with such other duties as may be 
necessary in connection with the station. The best season for the study of migra- 
tion is August-October. Other naturalists will be made welcome provided room 
is available.” 

Why don’t we have something of this sort here in the United States?—O. L. 
Austin, Jr. 


2. 25eh Annual Ringmarking Report. (25 Ars Ringmerkingsrapporter.) 
Holger Holgersen. 1955. Stavanger Museums Arbok 1955, pp. 141-152. (Eng- 
lish Summary.) The 25,545 birds banded in 1955 under the Stravanger Museum’s 
ringing scheme is the largest annual total in its 25-year history, and brings the 
grand total up to 150,972 birds of 184 species, from which some 4,600 recoveries 
have been received to date, 762 of them in 1955. This brief summary of accom- 
plishments lists all the previously published reports of the Museum’s banding, 
and the principal analytical studies based on its material. Since 1950 the detailed 
reports and lists of returns and recoveries have been published in the Museum’s 
journal Sterna. Details for 1955 “with a selected list of recoveries will appear 
in one of the next issues of Sterna.”—O. L. Austin, Jr. 


3. The Activities of the Ottenby Bird Station in 1955.  (Verksamheten 
vid Ottenby fagelstation 1955.) Wolf Jenning. 1956. Vdr Fagelvarld 15(3): 
151-176. (English Summary.) “A total of 9,522 birds were ringed at Ottenby 
during the year, and 155 were recovered in Sweden or abroad: three Tringa 
erythropus from Italy, 19 Tringa glareola (mostly from N. Italy and the Camargue), 
a Calidris canutus from Norway (change of route!), etc... . / A striking feature 
of the autumn migration was the almost total absence of small waders of the 
genus Calidris, especially Calidris alpina, which in the last eight years have 
been seen and trapped in such great numbers at the bird station .. . no corre- 
sponding reduction in the number of dunlins was noted in southern Norway.” 
Ottenby’s grand totals are now 89,592 birds of 160 species banded, from which 
1,370 recoveries have been received. Raw data for the new recoveries are given.— 


O. L. Austin, Jr. 


MIGRATION 
(See also Numbers 6, 27) 


4. The Nomadic Movements and Migrations of the European Common 
Heron, Ardea cinerea. L. W. Rydzewski. 1956. Ardea, 44(1/3): 71-188. 
This detailed study is based on an analysis of 4187 selected recoveries obtained 
from the various European banding programs. Rydzewski divides the heron 
year into “the nomadic period, the migration, the winter quarters, the homeward 
migration, the return and resettlement.” Some of his many interesting observa- 
tions and conclusions: “1. The nomadic period begins as soon as the young can 
fly and lasts to mid September. Topographical obstacles influence the movements. 
Almost any direction may be attempted, but SW predominates. The areas 
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covered increase steadily from 150 km radius in June to 300 kms in September. 
The search for food and the tendency to reduce the density of birds in the 
vicinity of a heronry would appear sufficient causes to account for the nomadic 
movements. 2. The migratory period extends from mid September to mid winter. 
Only the Atlantic coastline is a barrier. The standard direction is SW. The 
migration preceeds on a broad front, without leading lines. The causal factor 
is un internal, inherited migratory urge independent of external factors. 3. The 
wintering area comprises the Iberian peninsula, central and southern France, 
Italy, the Mediterranean islands and southern Balkans, and northern Africa from 
Morocco to Libya. The author supposes that the winter quarters south of the 
Sahara are the original ones and the North African to be later or secondary 
ones. Many birds winter at home or in intermediate areas. 4. Homeward migra- 
tion proceeds on a broad front from Africa through a changed route via Italy. 
Some birds do not return but remain either in their winter quarters or en route. 
5. Return to the natal heronries is proved by many birds. The older birds are 
more attached to home than the juvenile. The resettlement of Herons in strange 
colonies is proved in several instances. The distances vary from 27 to 490 kms. 
6. Among the continental populations the Swedish, Danish, and “coastal” ones 
are the greatest migrants; in the “inland” populations the migratory habit is 
weaker. The sedentary habit is most marked in British Herons. The Norwegian 
population takes an intermediate place. The migratory habit in European Herons 
seems to be a primary one while the sedentary habit is a later consequence of 
adaptation to climatic changes. Both habits, i.e., the migratory and the nomadic 
one, are equally ancient but their present status is different. The migratory one 
is in course of weakening and it is possible that in the distant future the Heron 
will be a sedentary species. The nomadic habit will be apparently maintained 
and will replace the long migration.” A splendid paper indeed, well documented, 
well thought out, and thought provoking. Sufficient data should now be available 


in the Patuxent files for parallel studies on several North American species of 
herons.—O. L. Austin, Jr. 


















5. Return to Solothurn of an Alpine Swift shipped to Nairobi. (Riick- 
kehr eines nach Nairobi verfrachten Alpenseglers nach Solothurn.) H. and M. 
Arn-Willi. 1955. Der Ornithologische Beobachter 52 (4): 129. On June 30, 
1949, the authors shipped two pairs of Alpine Swifts (Micropus alba) to Nairobi 
in East Africa. One was found dead only 30 km. from the Nairobi Airport. On 
May 29, 1955, one of these birds was found on a nest in Solothurn only 3 m. 
from the nest from which it had been taken 6 years before. The original band 
was replaced to confirm the record. This bird had been banded as a nestling on 
July 14, 1946, and was thus 10 years old.—R. O. Bender. 












NIDIFICATION AND REPRODUCTION 


(See also Numbers 19, 34) 


6. Essay on the Little Egret in France. 
(Egretta g. garzetta) en France.) Jose A. Valverde. 1955, 1956. Alauda, 23(3): 
145-171; (4): 254-279; 24(1): 1-36. (English Summary.) In this fine study the 
author is concerned essentially with establishing the Little Egret’s niche among 
the other Ardeidae in France. He gives special attention to choice of habitat, 
social behavior, food, hunting techniques, migration, wintering, and enemies. The 
study reviews previous work done on the species in France, is aptly arranged, 
and is illustrated with excellent pen drawings, maps, and diagrams. 

The Little Egret is apparently not a native of France, but a fairly recent im- 
migrant from Italy, having appeared during the last century with a general north- 
ward extension of range. The first French colony was discovered in 1930; since 
then 12 more have been found, 9 of which are occupied today, most of them 
along the Mediterranean Coast. The species shows surprising environmental 
adaptability and nests in conifers, low shrubs and undergrowth, but with a 
preference for riverside deciducus forests, and always together with other Ardeids. 
Its favorite associates are the Night Herons (Nycticorax nycticorax), but the 
Gray (Ardea cinerea), the Purple (A. purpurea), and the Squacco (Ardeola ral- 
loides) Herons are also among its nesting companions. 






(Essai sur |’Aigrette garzette 
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Egg laying takes place mainly during April. The average clutch is 4 to 5 
eggs; the author attributes variations in clutch size in different colonies to varia- 
tions in the food supply. Both parents incubate. The Egrets and the Squacco 
Herons take turns incubating, while the Night Herons both sit together on the 
nest. Two interesting things occurred during nest life: 1. The defense of terri- 
tory shifted from the area around the nest to an area around each young bird; 
2. The Night Herons, habitually nocturnal, became partly diurnal at this time, 
but returned to their night activity as their young gained independence. 

The Little Egrets migrate southwestward in the fall and winter along the coasts 
of the Mediterranean and in North Africa. One banded bird was recovered at 
Timbuctu, another in the Canary Islands. They come back in spring via Italy, 
suggesting a lingering adherence to their migratory pattern before they colonized 
France. 

The egrets fish at distances of 2-20 kilometers from the nesting place. A 2-km 
radius around the colony is left unexploited, apparently for the benefit of the 
newly fledged young in their initial foraging. Detailed and painstaking research 
revealed that the different species of herons do not compete with one another, 
but are each established in their own hunting and feeding niches. Important 
factors are: 1. The place of fishing, 2. the size of the prey taken, and 3. the 
manner of hunting. The Little Egrets fish walking along in water about 15 
centimeters deep with little vegetation, and eat animals 1.2 to 14 cm long, eels 
up to 30 cm. They kill the frogs by beating them against the ground before 
swallowing them. 


The color of herons’ necks has significance as camouflage. It is white or nearly 
white in herons that hunt by walking and at night, but spotted or streaked neck 
markings prevail in those that stand still waiting for their prey to approach. 

In France the Little Egret is not protected, and its worst enemy is man.— 
Louise de K. Lawrence. 


7. Breeding Biology and Ethology of the Rock Thrush (Monticola 
saxatilis). (Zur Brutbiologie und Ethologie des Steinrétels (Monticola saxa- 
tilis).) Tibor Farkas. 1955. Die Vogelwelt, 76(5): 164-180. Sixty percent 
of the Hungarian Rock Thrush biotopes are artificial. Grassy areas or vineyards 
are essential to its habitat, as are perches of three types: hunting, watching, and 
singing, which are not always distinct. Hunting perches can usually be recog- 
nized by: (1) the low over-the-ground flight to them and (2) conversational song 
from them. They may shift with changes in food supply. Singing perches are 
fewer, regularly used, and are approached in display or by high, straight flights. 

Territories are of two kinds: breeding and hunting. These may be kilometers 
apart, and territories of other pairs may lie between. Pairing is for several 
years and adult males tend to keep the same breeding territory from year to year. 
Nest building is by the female and is completed after egg-laying has begun. 
Incubation (13 days) is by the female only, which is fed by the male. At first 
both parents feed the young, which leave the nest before they can fly (at 14-15 
days) and take cover rather far from each other. As soon as they can fly, they 
form a covey, and are then fed chiefly by the male. Second broods are rare, 
although there is time for a second brood. Nuptual display, care and development 
of young, food, molt, movements, development of song, mating behavior in captive 
and wild birds, and memory are discussed. Band records will be discussed in 
the forthcoming issue of Aquila. A very interesting study.—Frances Hamerstrom. 


¢ 

8. Breeding of the Red-breasted Merganser on Schleimiinde 1955. 
(Briiten des Mittelsagers auf Schleimiinde 1955.) Alfred Pflugbeil. 1956. Die 
Vogelwelt, 77(2): 44-47. Twenty-two clutches of Mergus serrator averaged 10.4 
eggs; range 6-15 eggs. Average weight of 56 eggs was 76.07 grams with con- 
siderable variation in weight within clutches (65-82 grams). Occasionally there 
appeared to be a considerable delay between completion of laying and beginning 
of incubation. Juvenile mortality during the rearing period was low—0.7 percent 
of 140 hatched young—perhaps because of especially favorable weather. Of at 
least 262 eggs only 53 percent hatched; 1 to 4 unhatched eggs were commonly 
found in hatched nests.—Frances Hamerstrom. 
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9. The Starling as a Competitor for Nest Holes. (Der Star als Bru- 
thélenkonkurrent.) Hans Lohrl. 1956. Die Vogelwelt, 77(2): 47-50. In 
Favoriten Park, with its ancient oaks, Starlings (Sturnus vulgaris) tend to take 
over newly constructed holes of the Great Spotted Woodpecker (Dryobates major) 
and the Grey-headed Woodpecker (Picus canus). At first the Starling is kept 
out by the hammering woodpecker within. Upon completion of the hole, the 
woodpecker absents himself frequently and the Starling starts to take over, 
chasing the woodpecker which tires quickly. Each time the woodpecker ap- 
proaches the hole, the Starling occupies it and remains in possession. Léhrl 
knows of no case in which woodpeckers succeeded in keeping a hole which 
Starlings really wanted. Great Spotted Woodpeckers are often forced to occupy 
their old holes after these have been rejected by Starlings. The Starling’s drive 
to occupy holes goes beyond necessity; they do not always use the usurped holes 
for breeding. 

Nuthatch (Sitta europaea) competition is of a different sort. Nuthatches and 
Starlings may possess a hole simultaneously for weeks. Early in the season 
Starlings visit the hole during the early morning and evening. The rest of 
the day the Nuthatches are most active. The Starlings tear out nest material, 
then leave to feed. The Nuthatch female brings nest material and reduces the 
size of the hole with hard mud. Starlings return and try to tear away the mud. 
Their success depends upon suitable footholds and wetness of mud. The Nut- 
hatch may become the ultimate possessor of the cavity, especially if the peak of 
the nest building urge coincides with a period of dry weather. The Starling’s nest 
building urge reaches a peak later in spring than the Nuthatch’s; if it persists 
in keeping the hole open until its nesting urge is strong, the Starling keeps the 
cavity. Young female Nuthatches breeding for the first time tend to give up 
the struggle more readily. Although there may be some bickering at the nest, 


the outcome is primarily settled by behavior patterns and external forces rather 
than battle—Frances Hamerstrom. 


10. Differences in Great Grey Shrike Behavior in two Biotopes in 
Lower Saxony. (Unterschiede im Verhalten des Raubwiirgers in Zwei nieder- 
sichsischen Landschaftsformen.) Kurt Basecke. 1956. Die Vogelwelt, 77(2): 
50-54. This study is based on Basecke’s observations on the Great Grey Shrike 
(Lanius excubitor) since 1919. Eight nests were found in the field zone on the 
outskirts of Braunschweig. These suburban shrikes tolerated the noise of radios 
and heavy traffic, nested high in pines, defended their territories against crows 
(Corvus sp.), Magpies (Pica pica), and Kestrels (Falco tinnunculus). Unlike 
the moor-dwelling shrikes, they failed to signal alarm for terrestrial enemies 
(dogs and livestock), and were almost wholly insectivorous. 

Shrikes of the moor nested low (23 at 1.8-5 meters, 3 at 6-8, and one at 11) 
in smaller pines. Renesting was common. Only 9 of 27 nests contained normal 
first clutches (4 with 6 eggs, 4 with 5, and one with 7). Prey items (mostly 
small birds) are listed—Frances Hamerstrom. 


11. Successful Rearing of a Corn Crake (Crex crex). (Gelungener 
Aufsuchtversuch der Wiesenralle.) Johannes Stande. 1955. Ornithologische Mit- 
teilungen 7(7): 132-133. Four young Corn Crakes, two of them injured when 
their nest was uncovered by a mowing machine, were given to the author. In a 
charming account he describes how he succeeded in raising one of them to 
maturity. As the young weighed 9-10 g. when received he deduced that they 
were newly hatched. The one that matured weighed 24 g. after 14 days, 50 g. 
after 24, 75 g. after 4 weeks, and 110 g. after 45 days. At this point it was 


fully feathered. There are notes on food, voice, and running ability—R. O. 
Bender. 


12. On the Relationships between the Sequence of Laying, the Inter- 
vals between Layings, the Start of Incubation of the Clutch, the Sequency 
of Hatching, and the Intervals between Hatchings. (Uber die Beziehungen 
zwischen Legefolge, Legeabstand, Brutbeginn im Gelege, Schliipffolge und 
Schliipfabstand.) Franz Groebbels and Friedrich Moebert. 1955. Ornitholo- 
gische Mitteilungen 7(7): 128-133. The authors examined the theory stated by 
Peitzmeier that the last egg laid hatches first for those birds which start incuba- 
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tion with the laying of the last egg, since this egg does not undergo any inter- 
ruptions in incubation as do those laid earlier. They recorded data for a 
number of species obtained from the literature and from their own records which 
show that this is sometimes true and sometimes false, even for the same species. 
Thus, with the Moor Hen (Gallinula chloropus) incubation was reported to begin 
with the first egg and also to begin later. In one case all eggs hatched within 
24 hours; in another, within 12 days. Data are also presented for Loons, Ducks, 
Doves, Hawks, and Owls. 

A method of estimating the relative length of time which individual eggs of a 
clutch had been incubated is described. This method involves weighing the egg, 
extracting the contents, filling with water, and weighing again. The water-filled 
weight plus 2.8 percent of this weight which the authors refer to as the “recon- 
structed fresh weight” less the original weight of the incubated egg gives a 
weight loss which is related to the length of incubation. 

The paper concludes with a short discussion of cannibalism among Hawks and 
Owls. Here again, evidence is presented to show that in some cases the smallest 
and weakest young are killed and eaten by their parents or their older and 
stronger nest mates and, in other cases, are only eaten after they have died 
through starvation because their begging actions were not strong enough to be 
recognized as such and, hence, they failed to secure food. 

Although the data do not lend themselves to the presentation of even tentative 
conclusions, this interesing paper would have been improved by a summary.— 


R. O. Bender. 


13. Results of an Attempt at Bird Colonization in a Frankish Oak- 
Hornbeam Wood. (Ergebnisse eines Vogelansiedlungsversuches in einem 
frankischen Eichen-Hainbuchen-wald.) Herbert Bruns. 1955. Ornithologische 
Mitteilungen 7(12): 221-227. In Europe over the last few years biologists have 
given a great deal of attention to biological control of plant pests, including 
efforts to increase avian populations and to determine whether the increases 
reduce the depredations of injurious insects. By hanging nest boxes, Pfeifer and 
Ruppert had demonstrated an astonishing population increase of hole-nesting 
birds in the city forest of Frankfurt. In order to determine whether similar 
increases were possible in Bayern, to study means of reducing the cost and effort 
involved, and to attempt to measure the effect on insect life, the author undertook 
the study reported in this paper. 

The study area was a 2-hectare plot of mixed woodland, bordered by fields, 
known as the Meisterholz. In each hectare 62 nest boxes were hung in an 
orderly pattern, with a higher number of boxes in the outer rows bordering the 
fields. The boxes were of four types, systematically alternated so that informa- 
tion could be obtained on box preference, if any. The results are shown in the 
following table: 

Unsuccessful 

Available Successful Broods Broods 

Year Boxes M TT GS Bmf K1 Sp Wh Total % M : Ss 
1954 lll 27 «(14 1 3 — 12 — S37 51 — 3 1 
1955 109 31 17 — 1 2 2 93 86 1 5 2 
M = Titmice, T = Pied Flycatcher, GS = Spotted Flycatcher, Bmf = Tree 
Creeper, K1 = Nuthatch, Sp = Tree Sparrow, Wh = Wryneck. The remaining 
nest boxes were occupied by small mammals, insects, or were empty. Some boxes 
were used for two broods. 


The astonishing number of successful nestings found in 1954 of 28.5 pair per 
hectare increased still further in 1955 to 46.5 successful nestings per hectare. 
Although it was not possible to determine the number of free-nesting pairs, the 
author estimated them to be of the order of 25 to 30 per pair hectare for a total 
nesting population of about 70 pair per hectare. 

The author comments on nest box preferences (species preference was found 
for Titmice and Flycatchers), relative density at the edge and interior of the 
study area (the percentage of occupied boxes was nearly the same), and on two 
methods of determining whether the nest boxes were occupied or not. He also 
studied the effect of this high density of birds on a colony of wood ants and 
concluded that it had no measureable effect. The effect of the high density 
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on harmful insects (the ants are considered beneficial) could not be clearly 
measured. 

This is an excellent paper which should stimulate further research on popula- 
tion density. Although Bruns does not make the point, results such as these 
should give pause to those who assume that food supplies limit all small bird 
populatons, or that competition for food is a dominant factor in species com- 
petition.—R. O. Bender. 


14. Breeding Biology of the Swift (Micropus apus). (Brutbiologisches 
von Mauersegler.) Herbert Timmerman. 1956. Ornithologische Mitteilungen 
8(5): 89-90. This report covers 6 years of observation of Swifts nesting in three 
nesting boxes on an old frame building near Rotenburg an der Fulda. Each 
year the next boxes were occupied by House Sparrows in March. About the 
middle of April Starlings dispossessed the Sparrows and threw out their nest 
material and eggs. Then at the end of April or the beginning of May, the Starlings 
were in turn displaced by the Swifts, which did not throw out the Starling nest 
material or eggs, but deposited their own eggs on top of whatever was there. 

The most interesting data obtained by banding are shown in the following table: 


1950 
1951 
1952 


Nest Box 1 Nest Box 2 Nest Box 3 
3 D F 
é 
3} 
1953 3 
3} 
N 


$D 


1954 
1955 


+0 +0 10 40 10 +0 
AAMAAAOQ 


o Swifts 


$F QB 
Since the Swift reaches sexual maturity in the second calendar year, four of 
these birds were at least 6 year old. The consistent return of the males to their 
chosen nest boxes is noteworthy as is the relative constancy of the pairs. Female 
B must have nested at some other place in 1954 since she was definitely deter- 


mined not to be the mate of ¢F in that year. Both birds of a pair usually slept 
together in the nest box at night.—R. O. Bender. 


15. On the Nesting Habits of the Penduline Tit. (Uber die Nistweise 
der Beutelmeise (Remiz pendulinus).) Richard Heyder. 1956. Ornithologische 
Mitteilunger 8(8): 141-143. This species of Titmouse throughout its range 
nests either in trees or in reeds. Thus, when the species became common 
around the Neusiedler Sea in Austria, nesting in reeds, the question arose whether 
the earlier uncommon residents which were tree nesters had adapted to reed 
nesting or whether the increase was due to an influx of birds from the southeast 
where they commonly nest in reeds. The author believes the latter to be true. 
The author then discusses, from literature references, morphological differences 
associated with the differences in nesting habit—R. O. Bender. 


16. Litthe Ringed Plover Observations in Westfalen. (Flussregenpfeifer- 
Beobachtungen in Westfalen.) Horst Mest. 1956. Ornithologische Mitteilungen, 
8(9): 161-165. Reviews the distribution of the Little Ringed Plover (Charadrius 
dubius curonicus) in Westfalen over the last 20 years and discusses its breeding 
biology. Clay banks and islands are its preferred biotopes. Exceptions are noted 
to the rule that the male selects the nest site. Although the male does incubate 
part of the time, the sexes do not share incubation duties equally. The laying 
interval between eggs varies; four is the normal clutch and incubation usually 
begins after the third egg is laid; the eggs are pipped 3 to 4 days before hatching. 
The author describes the parents’ distraction display when the young birds are 


approached. He banded many of the birds, and gives sundry measurements and 
weights.—R. O. Bender. 


17. Long-tailed Tit Helps to Rear a Brood of Great Tits. (Schwanzmeise 
hilft bei der Aufzucht einer Kohlmeisenbrut.) Armin Possert. 1955. Der Orni- 
thologische Beobachter 52(3): 96. During an inspection of 50 nest boxes main- 
tained by the Ornithological Union for Bird Protection of Frauenfel, the author 
found a Great Tit (Parus major) brood being fed by a male Great Tit and a 
Long-tailed Tit (Aegithalos caudatus). After careful observation over 3 days he 
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concluded that only these two were caring for the nestlings. The paper is illus- 
trated with a picture of each bird feeding young at the nest box.—R. O. Bender. 


18. Mixed broods of Great Tits, Blue Tits, and Nuthatches. (Misch- 
bruten von Kohlmeisen, Blaumeisen und Kleiber.) Hans Arn. 1955. Der 
Ornithologische Beobachter 52(4): 129. In one case six young Great Tits (Parus 
major) and two young Blue Tits (P. caeruleus) were being fed by a Great Tit. 
In another, seven Blue Tits and one Great Tit were being fed by a pair of 
Blue Tits. In the third case, seven Nuthatches (Sitta europaea) and one Great 
Tit were being fed by a pair of Nuthatches. No preferences were evident on 
the part of the parents for their own young. In the first case, the nest could 
have been started by Blue Tits and pre-empted by Great Tits, probably after 
the death of the female Blue Tit. In the other two cases, it is probable that 
distress laying by a female Great Tit was involved. It would have been interest- 
ing to determine whether the “strangers” in these nests were reared successfully. 


—R. O. Bender. 


BEHAVIOR 
(See also Numbers 7, 9, 10, 16, 31, 33, 34) 


19. Studies on Great Crested Grebes. K. E. L. Simmons. 1955. Avicul- 
tural Magazine, 61: 3-15, 93-102, 131-146, 181-201, 235-253, 294-316. 5/—. 61 
Chase Rd., Oakwood, London, N. 14. A fine, detailed study, carried on for 8 
years, on the behavior of Podiceps cristatus. This species had been reduced in 
Great Britain through slaughter for women’s hats to about 40 pairs in 1860. 
“Protective legislation, for once in time, saved the species so that by 1931, when 
a careful co-operative census was made, numbers had gone up over 3,000 percent.” 
Since then there has been further increase, “helped by a host of new, artificial 
lakes in the flooded gravel pits”; moreover, such sites “are at first free of the 
bird’s worst foe, predacious pike,” (Esox lucius). General habits, threat, fighting, 
territory, courtship, and parental behavior are described and their significance 
discussed. Robert Gillmore’s sketches are a helpful feature of this interesting 
pamphlet. 

Papers on other species of grebes are briefly mentioned, but unfortunately the 
author missed some good articles on nesting behavior, such as Gross, 1949, Auk, 
on Podiceps dominicus; Van Ijzendoorn, 1944, Limesa, on P. caspicus; Deusing, 
1937, Auk, on Podilymbus podiceps, and others on American species. He well 
concludes: “What is needed initially in a comparative study of grebe behaviour 
is a really detailed objective inventory of the threat and courtship displays of as 
many species as possible in order to trace the evolution of such behaviour in 
the group as a whole. What a wonderfully exciting field of research is crying 
out to be explored!”—M. M. Nice. 


20. The Feather Postures of Birds and the Problem of the Origin of 
Social Signals. Desmond Morris. 1956. Behaviour 9(2-3) : 75-113. The primary 
function of body feathers is temperature control. There are four chief feather 
postures: sleeked, relaxed, fluffed, and ruffled. In “nonthwarting situations the 
mood of a bird may, under certain circumstances, be conveyed to its fellows by 
its unspecialized feather postures, which therefore act as simple signals.” Most 
of the paper is devoted to feather signals in thwarting situations and the general 
problem of thwarting and the evolution of signals, the primary autonomic responses 
and secondary responses. The most important of these primary responses are: 
elimentary changes leading to defecation; circulatory changes leading into bare- 
skin-flushing displays; respiratory changes which have evolved into vocalizations 
and inflation displays; thermoregulatory changes leading to pilomotoric activity 
and feather erection displays. 

Seven of the 12 illustrations show the strong attraction exerted by the fluffed 
or spheroid position of a Necklace Dove, Streptopelia chinensis, on the “clump- 
ing” response of the Java Sparrow, Padda oryzivora. This is a very important 
paper, investigating as it does, physiological bases for bird behavior—M.M. Nice. 
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21. The Following Response of Young Coots and Moorhens. R. A. 
Hinde, W. H. Thorpe and M. A. Vince. 1956. Behaviour, 9(2-3): 214-242. 
In an attempt to test Lorenz’s theories on imprinting, 39 chicks of Fulica atra 
and 79 of Gallinula chloropus were hatched in incubators and raised in small 
brooders in groups of from 2 to 18 birds. The experiments consisted in releasing 
single chicks in a 50-foot paddock where objects of widely differing size and 
shape were pulled on a wire. Sometimes the chick followed the object, some- 
times it ran to the side of the pen, sometimes it merely wandered about. The 
authors concluded that the following response of these birds “is released by 
almost any moving object independently of any prior learning process.” The 
experiments did not support Lorenz’s characteristics of the “sensitive period” for 
imprinting nor its “irreversibility.” The authors conclude that “There is no 
evidence that ‘imprinting’ is fundamentally different from other types of learning.” 

But were they investigating imprinting? Lorenz (1935) based his conclusions 
on ducks and geese; here the young have to follow their mother or die; their 
home is their mother and frem the first she may lead them long distances. Coots 
and Moorhens, on the contrary, stay on territories; young Coots do not follow 
their parents closely, but wander about in the territory and swim to their parents 
to get food. Alley and Boyd (/bis, 1950) found that the “newly-hatched Coot 
chick shows a tendency to follow large moving objects” for instance, a man, 
but by 24 hours “the imprinting [on the parents] is complete.” Since the baby 
Coot may not leave the nest until a day old, this learning to restrict its filial 
responses to adult Coots would seem to depend largely on the warmth and food 
it receives from its parent as well as on acoustic signals; this was the case 
with the Coots we raised from the egg. Coots and rail chicks have a strong bond 
to one another. I suggest that when a bird in these experiments was carried 
alone to a strange place, “feet dangling,” “struggling furiously,” any moving, 
rattling thing offered might serve as some sort of a temporary substitute for a 
parent or brood companion. But I would not expect these rails to form a 
lasting bond to any of these objects——M. M. Nice. 


22. Concerning Some Behavior Patterns of the Green Woodpecker 
during the Breeding Season. (Uber einige Verhaltensweisen des Griinspechtes 
in der Fortpflanzungszeit.) Dieter Blume. 1955. Die Vogelwelt, 76(6): 193- 
210. Discusses head movements of the Green Woodpecker (Picus viridis) and 
their function in detail—-Frances Hamerstrom. 


23. On the Uniting of Broods of Mergus serrator and Mergus mer- 
ganser. (Om kullsammanslagning hos skrakar, Mergus serrator och Mergus 
merganser.) Goran Bergman. 1956. Fauna och Flora 1956 (3): 97-110. 
(From the English summary.) The author interprets in behaviorist terms the 
well-known merganser habit of combining broods of similar age under the 
protection of a single female: “When two females of the red-breasted merganser 
with their broods happen to meet, the adult birds react more or less aggressively, 
the weaker one often leaving its young for some minutes. If the aggressive or 
escape behavior is strongly activated, this behavior releases a marked increase 
in the uniting drive of the young. Their distress-calls are released and they 
huddle together, and if the young of the two groups are of the same age and 
the uniting drive is very strongly activated, the two broods join each other, too, 
then swimming away conducted by the stronger female.” 

Dominant behavior traits of this sort must be of considerable importance to a 
species’ success, but the practitioners of the new behaviorism seem more interested 
in translating the simple observations of old-fashioned natural history into their 
peculiar jargon of stimulus-response associations, releasing mechanisms, dis- 
placement activity, imprinting, conditioning, activation, habituation, and the like 
than they are in determining the biological significance of the phenomena ob- 
served. Bergman does claim “The mortality of the great brood-flocks is not 
higher than that of the single broods. Very great flocks sometimes split up 
again by missing the female, and the young live quite well alone.” But he 
offers no evidence in support of these important, and moot, points. Nor does 
he comment otherwise on the possible advantages or disadvantages to the mer- 
gansers of combining broods the way they do.—O. L. Austin, Jr. 
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CONSERVATION 


(See also Numbers 6, 13, 19) 


24. Bird Mortality in Elmhurst. A. E. Montgomery. 1956. Jilinois Audu- 
bon Bulletin, No. 99: 1-3. Because one or two elm trees were found to be suf- 
fering from Dutch elm disease, the authorities in Elmhurst, [llinois, put on an 
intensive campaign of spraying all the city elms with DDT, beginning April 1. 
As a result the nesting birds were practically wiped out. “Great quantities of 
dead earthworms appeared ... Every robin was exterminated in the area sprayed.” 
About half the Cardinals seem to have been killed; Downy Woodpeckers and Red- 
heads, English Sparrows, Starlings, Blue Jays and Baltimore Orioles were also 
victims. Ruby-crowned Kinglets were killed in great numbers. Only Catbirds 
and Wood Thrushes, both late arrivals, escaped. 

Ironically enough, it has been shown in recent articles in the Journal of 
Economic Entomology and elsewhere that spraying of trees with these poisons is 
not only fatal to a great variety of animal life, but actually makes the trees 
themselves more susceptible to disease. Even if we are indifferent to the fate 
of our fellow creatures, we may well consider what the accumulation of these 


deadly poisons in our soils, water and food is going to do to the human race.— 
M. M. Nice. 


25. On the “Indirect” Distribution of the Oilpest in a Sea Bird Sance- 
tuary. (Etwas iiber die “indirekte” Verbreitung der Olpest in einem Seevo- 
gelschutz gebiet). Hans Rittinghaus. 1956. Ornithologische Mitteilungen 8(3): 
43-46. The author points out that killing birds at sea does not represent oil’s only 
hazard to bird life. When washed ashore on islands where sea and shore birds 
nest, oil causes considerable additional mortality to adult and young birds.— 


R. O. Bender. 
ZOOGEOGRAPHY 


26 The Eider as a Visitor and Breeder along the German Coast. 
(Die Eiderente, Somateria mollissima, als Gast und Brutvogel an der deutschen 
Kiiste.) Herbert Ringleben. 1955. Die Vogelwelt, 76(4): 125-134. Well 
documented extension southward of the breeding range and increase in numbers 
of the Eider. Bibliography of 50 titles—-Frances Hamerstrom. 


27. Autumn Bird-life in Sardinia and Sicily. (Herbst-Vogelleben in 
Sardinien und Sizilien.) Joachim Steinbacher. 1956. Die Vogelwelt, 77(1): 
1-12. Numbers, species and behavior of birds in this region differ in fall and 
spring. In fall, residents are single, inconspicuous, and shy. Partial migrants, 
some of which were commonest in spring, are scarce in autumn, some of them 
having left before others arrived from the north. There does not appear to be 
a mass migration through this region, but rather a stream of about 100 small 
birds a day along the Sicilian coast in fall. An annotated list by species is 
given.—Frances Hamerstrom. 


28. Population Density of the Black Woodpecker. (Siedlungsdichte des 
Schwarzspechtes (Drycopus martius).) Nikolaus Langelott. 1956. Die Vogel- 
welt, 77(1): 18-21. The range of this shy species had shrunk by 1861 
Brehm believed, because of cutting of nest trees. Langelott, however, attributes 
the early loss of range to intensive shooting (foresters formerly considered the 
Black Woodpecker a noxious species). After persecution ceased about 1900, the 
species lost its shyness, nested near civilization, and expanded its range north- 
ward. Newly populated areas are, in general, as thickly populated as areas 
in which the Black Woodpecker has long been established. An interesting case 
of a species altering its habits to adapt to civilization—Frances Hamerstrom. 


MORPHOLOGY AND ANATOMY 


(See also Number 20) 


29, An Analysis of the Weights of Birds Trapped on Skokholm. 
Browne, K. and E. 1956. British Birds, 49(7): 241-257. More than 4,000 
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birds of 69 species were weighed during 1947-53 on Skokholm, a small island 
off the Pembrokshire coast. Minimum, maximum and average weights are given 
for each species. Migrants weigh less in spring than in fall. Nestling Meadow 
and Rock Pipits (Anthus pratensis and spinoletta) and Wheatears (Oenanthe 
oenanthe) may weigh as much as or even more than their parents; but a sharp 
fall ensues upon leaving the nest, followed by a “rise continuing into late autumn, 
interrupted by a further fall at the time of the moult.” Among possible factors 
influencing the wide variations found in individuals and within species, differences 
in time of day and season, in sex and subspecies are suggested—M. M. Nice. 


FOOD 
(See also Numbers 6, 10, 13) 

30. Observations on the Gull-billed Tern during the Post-Breeding 
Season. (Beobachtungen; an der Lachseeschwalbe (Gelochelidon nilotica) nach 
der Brutzeit.) Dietrich Konig. 1956. Ornithologische Mitteilungen, 8(8): 
143-147. This paper reports on the roosting and feeding habits of the Gull-billed 
Tern during the post-breeding season in Denmark. At this season (mid-June 
to mid-September) adults ‘were estimated to number from 50 to 70 percent of 
the flock. The birds had a strong attachment for specific sleeping places, usually 
cow pastures. Several instances of the birds capturing field mice (Microtus) 
were noted, and one caught a grass frog.—R. O. Bender. 


31. A Young Eagle Attacks a Fox. (Angriff eines Jungadlers auf einen 
Fuchs.) Sam Nebel. 1955. Der Ornithologische Beobatchter, 52(2): 59-60. 
A short description of an attack by a young Golden Eagle (Aquila chrysaétos) on 
a large mountain fox in Switzerland at an altitude of about 2,300 meters. The 
eagle made a number of passes at the fox but did not actually seize it. The 
author considered the actign to be playful—R. O. Bender. 

, 


32. Investigations on the Food of the Barn Owl through the year. 
(Untersuchungen iiber die Nahrung der Schleiereule, (Tyto alba) in Jahresver- 
lauf). Hans Noll. 1955. Der Ornithologische Beobachter 52(3): 82-91. Pellets 
from the roosting places in Konstanz of a pair of Barn Owls were collected every 
14 days from October, 1949 to October, 1950. Each 14-day collection was sepa- 
rately examined. From May to October small rodents were the predominant 
prey; during the winter half-year, insect-eaters such as shrews and moles were 
predominant. Of a total of 1,605 prey animals found during the whole year, 
49.8% were rodents (mostly mice); 49.3% were insect-eaters, and 0.9% were 
birds. These findings are in very close agreement with those Geyr von Schwep- 
penburg obtained in 1906.—R. O. Bender. 


33. Peregrine Caches Prey. (Wanderfalk versteckt Beute.) Theodor 
Mebs. 1956. Die Vogelwelt, 77(1): 12-15. Mebs watched a peregrine (Falco 
peregrinus) tercel give his mate a pigeon which he apparently had just taken 
from a cache. At another eyrie Mebs found a freshly killed and plucked pigeon 
hidden in a cranny about 180 meters from the nest and two molted tercel feathers 
near this cache. In both cases the peregrine pairs were without young, so 
caching of food may have been abnormal behavior stimulated by overabundance 
of prey. The author discusses similar incidents in the literature relating to other 
raptors.—Frances Hamerstrom. 


34. Some Debatable Questions Concerning Two Kite Species. (Uber 
einige strittige Fragen aus dem Leben der beiden Milanarten.) Otto Schnurre. 
1956. Die Vogelwelt, 77(3): 65-74. Neither for the Black Kite (Milvus migrans) 
nor for the Kite (Milvus milvus) is it known beyond doubt whether or not the 
male ever assists in incubation. Schnurre points out that this may vary between 
individuals, and that pluckings at the nest would indicate that the male was 
bringing prey to the female rather than taking turns at incubation. Lists of food 
items from nests of both species are given. One female Black Kite was brought 
fish while incubating; as soon as the young hatched, the fish diet was promptly 
discontinued. This is a thoughtful analysis of problems encountered in food 
habits work with raptors which may kill their own prey, may take it from other 
species, or may eat carrion.— Frances Hamerstrom. 
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SONG 


35. Acoustical Research on Crows. (Akustische Forschungen an Raben 
vogeln.) J. Giban. 1956. Ornithologische Mitteilungen 8(4): 71-73.. This 
report from the National Agricultural Research Institute of France covers studies 
made to control the damage done by three species of crows, the Rook (Corvus 
frugilegus), the Carrion Crow (C. corone) and the Jackdaw (C. monedula) in 
southern France. Conventional control methods such as poisoning were found 
ineffective. Most of the paper is concerned with investigations of the possibili- 
ties of acoustical control. Recordings of the calls of all three species were obtained 
and analyzed and their reactions to sounds of varying intensity and frequency 
were determined. It was found that all three species were sensitive to low fre- 
quencies between 1,000 and 2,000 and that the Carrion Crow was much more sensi- 
tive than the other two. It is suggested that this may be due to the fact that 
this species is more solitary than the others. 

Efforts to disperse Crows from night roosts were quite successful with a broad- 
cast of about 30 seconds duration. (The intensity and frequency were not noted.) 
Applications of the method in nesting colonies, although promising, were less 
successful. These studies will continue. 

The technique employed should be of interest to those who are concerned 
with Starling roosts in our large cities, and with blackbird damage to sweet 
corn and other crops. This paper is a summary of the results to date. Detailed 
papers describing the work have been or will be published in other places.— 


R. O. Bender. 


36. Studies on the Morning Beginning and Evening Ending of Bird 
Voices. (Untersuchung iiber den morgenlichen Beginn und die abendliche 
Beendigung der Stimmausserung von vogelarten.) Franz Groebbels. 1956. 
Ornithologische Mitteilungen, 8(4): 61-66. This paper reports the times when 
notes or calls by each of 43 species were first heard in the morning and last 
heard in the evening. The author measured light intensities with a light meter 
and recorded such weather data as temperature, humidity, wind, precipitation, and 
cloudiness, from which he determined the weather conditions as favorable or 
unfavorable. He notes possible sources of error: The notes recorded are, of 
course, only those uttered within the observer’s hearing radius; light intensities 
measured in open places are much greater than the true light value in thick 
cover, which is very difficult to measure. 

From his data Groebbels points out that bird voice is related to and probably 
influenced by the same internal changes in physiology and metabolism that influ- 
ence such other cyclic activities as migration, but he does not believe that the 
data can be related at this time to gonadal changes. External conditions are also 
of great importance, particularly light intensity, although the effects of wind, 
temperature, and precipitation must also be considered. He notes that though a 
species begins to sing at a certain light intensity on a clear favorable day, it 
may not sing on a cloudy day at the same light intensity, but may remain silent 
until much higher intensities are reached. An interesting paper covering a care- 


ful study.—R. O. Bender. 


BOOKS 


37. The Bird Watcher’s Reference Book. Michael Lister. 1956. Phoenix 
House, Ltd., London. 256 pp., 35 photographs, 23 text figures, 45s. This attractive 
compendium includes: (1) Introduction (2) Habitats, Vegetation and Birds 
(3) Types of British Vegetation (4) Weather (5) On Writing a Paper (6) Direc- 
tory (650 periodicals, institutions, 70 bird observatories, and 60 ringing schemes) 
(7) Glossary and General Information (“some 700 ornithological and allied 
terms (behaviour, ecological, statistical, anatomical, morphological, taxonomic, 
genetic and general), with the equivalents of the words defined in German, Dutch 
and French”) (8) a bibliography, and (9) several indices. 

Its scope is worldwide, except that the discussions of vegetation relate pri- 
marily to Great Britain. Of particular value are the directory (an admirable 
brief guide to ornithological activities everywhere in the world) and glossary 
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(at a time when every subdivision of the science is luxuriating in its own jargon, 
to the confusion of general ornithologists, let alone the general public). 

This is not directly a book about birds, but a compilation of background 
material for the student who has already acquired some experience in ornithology. 
It does not discuss how to watch birds, how to keep records, and what problems 
the amateur may expect to solve most readily, unlike two earlier handbooks (The 
Art of Bird Watching, E. M. Nicholson, New York, 1932, or A Guide to Bird 
Watching, Joseph J. Hickey, Oxford University Press, 1943) It does not attempt 
to summarize progress to date in various aspects of ornithology, with suggestions 
for further study (like Recent Studies in Avian Biology, ed. Albert Wolfson, 
University of Illinois Press, 1955). However, any serious student will find it 
useful, particularly for periodicals, institutions, and terminologies of other 
countries. 

In any compilation on this scale, minor errors and inconsistencies are to be 
expected. For example, the list of ornithological institutions in the United States 
is limited to three, includes the Ecological Society of America, and omits both 
the Wilson Ornithological Society and the Cooper Ornithological Society (though 
both the latter are cited—inexactly—under their respective publications). Mean- 
while the list of ornithological institutions in Great Britain runs to almost 3 
pages, including many that are hardly ornithological (e.g., the Jourdain. Society, 
“for the advancement of the science [sic] of oology”). The Northeastern Bird- 
Banding Association is listed as the publisher of its Journal, which became 
Bird-Banding in 1930.—E. Alexander Bergstrom. 


NOTES AND NEWS 


We are pleased to record the receipt of a 1956 Nash Conservation Award by 
Dr. Paul H. Fluck of Lambertville, N. J. (president of the Eastern Bird-Banding 
Association) “for his series of volunteer bird-banding lectures and demonstra- 
tions given at Washington Crossing Park” in Pennsylvania. Also, in the pro- 
fessional class, an award was made to Richard L. Weaver, now associate professor 
of conservation education at the University of Michigan. Many NEBBA members 
will recall Dick Weaver’s years at Dartmouth and at the Greenwich Audubon 
Center, and his paper in Bird-Banding on the fabulous Purple Finch invasion of 
March, 1939. 


Bird-Banding is greatly indebted to the Inland Bird-Banding Association for 
their gift of $100 toward the cost of publishing the pending 10-year index, for 
the years 1941 through 1950. No complete index of this sort pays for itself, and 
yet such an index is of tremendous help to anyone using a set of Bird-Banding, 
and as an index to most ornithological literature for those years. The index itself 
is ready for final typing as this issue goes to the printer, and we are optimistic 
about its early appearance. 


Mr. Johnson’s income statement, printed in this issue, brings the statement 
down to the end of the fiscal year of 10/31/56, and thus differs in some minor 
details from the statement presented at the 1956 annual meeting, since it was 
necessary at that time to estimate the last month of the fiscal year. 


This encouraging statement enables us to print more pages of Bird-Banding 
in 1957 than in earlier years. We still need good papers and general notes, 
and can still arrange quite prompt publication. Once we pass beyond a basic 
print order which covers the cost of setting type, the printing cost of each addi- 
tional copy is low, and thus each new subscription helps materially to increase 
the length of issues. 


The total circulation of Bird-Banding reached 590 with the January, 1957 issue, 
compared with 443 for April, 1951, for example. Paid subscriptions or member- 
ships were 525, compared with 390 in 1951 (the remainder includes both ex- 
changes and copies supplied to reviewers). The mailing list includes 43 states, 
Alaska, 7 Canadian provinces, and 26 other countries. 
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We are always glad to list readers who have sets or long runs of Bird-Banding 
for sale, as a free service to them, and to other readers trying to buy or complete 
sets. At present: 

(1) Prof. O. A. Stevens, State College Station, Fargo, N. D., would like 
to sell a set complete from volume 1 (1930) through 26 (1956), with 
volumes 1 through 11 bound in three volumes, one early number photo- 
stated. 


(2) Mr. Howard A. Drew, Barre, Vt., would like to sell 17 years, 1936 
through January, 1953 (also 32 copies of “EBBA News,” 1949 to October, 
1952). 


Mr. Johnson’s reserve stocks of Bird-Banding contain all issues from 1950 to 
date, and he will mail upon request a list showing which earlier issues are in 
stock. 


The annual meeting of the Northeastern Bird-Banding Association will be held 
on Saturday, September 28, at the Massachusetts Audubon Society’s Drumlin Farm 
Wildlife Sanctuary, South Lincoln, Massachusetts. Anyone interested in banding 
will be welcome. 


The British Ornithologisis’ Union is making an effort to increase the number 
of its members in the United States and Canada, to help offset the increasing 
costs of printing The Ibis. While The Ibis is, rightly, thought of as a leading 
journal for papers on systematics, some of our readers may not realize that it 
includes extensive papers or symposiums on such aspects of field ornithology as 
visible migration or the territory concept. Annual dues are 3 pounds (currently 
about $8.50); each volume of The Ibis runs to roughly 700 pages. Mr. Berg- 
strom has application forms and other details. “The Rules require that the 
applicant should be proposed by a Member, having personal knowledge of him, 
and that the proposal should be seconded. The first of these provisions and the 
accompanying letter of recommendation are essential, but if you have any diffi- 
culty in finding a local B. O. U. Member to act as seconder we shall be glad 
to consider applications without this formality” (from a recent letter from the 


B. O. U.). 


In early July, 1956, the Northeastern Bird-Banding Association undertook to 
import and sell Japanese mist nets, with E. Alexander Bergstrom as agent. The 
net funds have been handled separately from NEBBA’s general funds, and there- 
fore it seems simpler not to consolidate the annual statements; the amounts noted 
below are in addition to those in Mr. Johnson’s report. At the end of the fiscal 
year (October 31, 1956) the assets of the net fund totalled $1,009.44, largely in 
nets on order and in a checking account. Against this, we had. liabilities of the 
same amount, including $737.45 in loans (from a NEBBA member, without 
interest), $100 as a reserve for lost or defective nets or other contingencies, and 
$171.99 surplus. This favorable result is due in part to gifts totalling $135.15 
from another member. Since the end of the fiscal year, the net account has 
continued to do well, with the demand for nets active and widespread. For 
the present, net proceeds will be used first to build up working capital and 
secondly to retire the loans, but eventually may be of material help to our Index 
Fund. The price per net includes only about 50 cents for profit and contingen- 
cies, and the time spent in filling orders is contributed without charge. 
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NORTHEASTERN BIRD-BANDING ASSOCIATION 
INCOME STATEMENT 1956 


RECEIPTS: 


Subscriptions and dues 


Sales: Gh ROK TRMIOR cs. 5.nd wie otc eeiok 


Other 


Interest 


EXPENSES: 

Printing of Bird-Banding 
Purchases of back issues 

Other printing and stationery 
Postage and clerical help 

Bank charges and miscellaneous 


Accumulation of income for year 


Accumulated income at beginning of year. . 


Accumulated income at end of year 


BALANCE SHEET 
ASSETS 


Cash 


Back issues of magazine 


LIABILITIES 


MONI: i vavccdebnee~ sa aesnbaw 


Subscriptions paid in advance 
Reserve for index 
Life membership fund 


Accumulated income 


1955 
$2,288.80 
169.33 
100.00 
12.73 
$2,570.85 
$1,616.74 
87.50 
82.90 
106.94 
7.75 
$1,901.83 


[113 


1956 
$2,290.00 
87.63 
150.00 
34.04 


$2,581.67 


$1,602.33 


37.65 
369.58 
2.15 


$2,011.71 





$ 669.03 
519.88 


$1,188.91 


10/31/55 


$3,542.52 
1.00 


$ 569.96 
1,188.91 


$1.758.87 


10/31/56 


$4,112.48 
1.00 





$3,543.52 
$ 322.57 
158.21 
1,500.00 
375.00 


$4,113.48 


$ 394.70 
84.91 
1,500.00 
375.00 


1,758.87 





$4,113.48 





DANIEL P. JOHNSON, Treasurer 
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